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ABSTRACT 
The Role of Causal Perception of Movement in the 
Early Social Development of Autistic Children 
by Martin Morris 
Autistic children often lack social behaviours which are normally present by 8-12 months 
(Klin et al, 1992; Mundy et al, 1986), although current 'top down' theories about autism 
hypothesise later~developing conceptual difficulties in social cognition. Research indicates 
that there are abnormal 'bottom up' perceptual processes in autism (Moore, Hobson & Lee, 
1995). Processing of unexpected dynamic visual information inay occur to a diminished 
extent (Courchesne, 1987), whilst in normal infancy, causal perception of the movements 
of animate. and inanimate objects iS likely to be important for social cognition and affective 
relationships (Shultz, 1989; Premack & Dasser, 1990). It has been suggested that autistic 
children ha~e difficulties with the unpredictable nature of perceived social information 
(Moody & Sigman, 1989b; Dawson & Lewy, 1989). 
On the basis of such previou·s research, it was proposed that the early social abnormalities 
of autistic children are a result -of them tending not to notice, or process ,further, brief 
dynamic visual information about events unless these follow simple predictable patterns. 
To test this hypothesis, seven young autistic and seven developmenta11y delayed children, 
match~ pairwise for verbal comprehension, were initially habituated to two computer-
generated displays, of a cartoon-like 'boy' (Runner) running up to a 'wall' and back, and 
of a 'ball' moving towards the wall and apparently re-bounding back. Visual habituation 
was reliable and due to information encoding. The autistic children looked relatively less 
at the Runner habituation display, perhaps due to reiatively diminished processing of . 
animate dynamic information. After habituation criterion was reached, a time delay was 
introduced prolonging contact with the wall, so that~. Ball display became 'impossible' 
whereas the Runner remained 'possible'. As predicted, recovery of visual fixation indicated 
that the delay was discriminated, and the autistic children recovered relatively less to the 
novel Ball display compared with the developmentally delayed children. The autistic 
children may not have perceived the anomaly in the novel 'impossible' Ball event. They 
either may have had a general expectation for inanimate objects .to move independently, or 
a tendency not to notice altered significance in a repetitive visual event. However, the 
group differences could also have been due to the autistic children tending not to have real 
life expectations of cartoon images. · 
Consistent with the hypothesis, the scores of all 14 children both for pre-11 month social 
behaviours and for joint attention, were associated with relative recovery for the novel Ball 
display. As predicted from previous research, the autistic children engaged infrequently fu 
these social behaviours. 
It is proposed that how children perceive the dynamic animate and inanimate world affects 
how they develop socially during their ftrst year of life. Relevant areas for future research 
and implications for early interventions are 4iscussed. 
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CHAPTER 1. INTRODUCTION 
1. Overview 
This Introduction reviews a wide-ranging area of research in both autism and normal 
infancy, with tfle aim of elaborating a testable hypothesis concerned with the developmental 
origins of the social" abnormalities characteristic of autistic children. These social 
abnormalities are primary disabling factors in autism; we now know that they originate early 
in infancy and extend through adulthood. It is argued here that the. early origins of the 
difficulties, and their particular characteristics, suggest that they may be consequences of 
information processing problems in 'low-level' visuo-perceptual processes. Some 
researchers favour this argument although others refute it. It is related here to other 
· suggestions that autistic children have a particular difficulty with the unpredictable nature 
of social encounters. It is proposed thitt these two areas -perceptual abnormalities and the 
need for predictability - are linked, and this is supported by reference to recent research. 
This proposed link enables the generation of the experimental hypothesis by reference to the 
literature on how normal infants learn to distinguish animate (human). and inanimate objects, 
and their causal roles, on the basis of their perceived movements, both on a physical and 
a social level (these two levels being linked). 
It is hypothesised that autistic children will not notice changes in the causal structure of 
animate versus inanimate events on the basis of perceived movements. A 
habituation/recovery methodology, measuring visual fixation, is described, in order to test 
a prediction from this hypothesis. 
The literature review follows the pattemoutined above, starting with the diagnosis of autism 
(Section 2), describing the early social abnormalities observed (Section 3) and discussing 
theories about these abnormalities (Section 4),. The need for predictability is examined 
(Section 4) and related to literature on sensory processing in autism (Section 5). Theorising 
and empirical research into the perception of c·ausality ·in normal infancy is then discussed 
(Section 6) and related to the preceding literature on autism, to generate the hypothesis and 
experimental predictions (Section 7). 
2. Diagnosis & Assessment of Autism 
2.1 History: Multiplicity of Symptoms 
Kanner ( 1943) described a group of children as having 'autistic disturbances of affective 
contact' that included lack -of affective interaction, obsessional desire for sameness, 
fascination for hard objects and absence of, marked difficulties in, or abnormalities in, 
express~ve language. He emphasised the early occurrence of symptoms, his term for the · 
disorder being 'early infantile autism'. Creak (1961) broadened the range of diagnostic 
behaviours to nine dimensions which encompassed childhood schizophrenia. These included 
abnormal responses to perceptual stimuli, stereotyped behaviours (eg. rocking, spinning 
objects) and "islets" of cognitive skills or, more commonly, retardation, particularly in 
verbal skills. Thus, there is a wide range of behavioural characteristics, or dimensions, that 
appear to cluster around the label 'autistic'. Wing_'s term 'the autistic continuum' (Wing, 
1988) has now been widely adopted, but her alternative term 'spectrum of autistic disorders' 
(my italics) may convey more accurately her intention that an autistic individual should not 
. -
be regarded as on a continuum between autism and 'normality', but as having a distinct 
condition in which " .. the inanifestations ... vary widely in type and severity, and all kinds 
of comb~tions of impairments are seen in clinical practice." 
2 
2.2 Diagnostic Systems 
In view of this varied spectrum of behaviours, there is potential for different diagnostic 
systems. Kolvin (197l)_published research that distinguished between autism and childhood 
schizophrenia and this was a prelude to three contemporary diagnostic systems: 1) The 
' 
U :S.A. Natiorull Society for Autistic Children (NSAC, 1978); 2) Rutter (1978); and 3) 
DSM-Ili-R (1987) of the American Psychiatric Association. All these systems agree on 
three basic criteria .of autism: · . 
(1) onset before 30 months (DSM-III-R; 'during infancy or c~dhood'); 
(2)· impaired social development, which has a number of special characteristics and 
which is out of keeping with the child's intellectual level; and 
(3) delayed and deviant language development which also has certain·defined features 
and which is out ofkeeping.with the child's intellectual level (Rutter, 1978). Rutter and 
DSM-III-R also emphasise a fourth criterion; 
(4) 'insistence on sameness', as shown by stereotyped play patterns, abnormal 
preoccupations, or resistance to change. 
Rutter thus identifies a 'triad' of behavioural features which may be described as delay or 
deviance in social relatedness, communication and behaviour/imagination. DSM-lli-R 
requires the presence of a minimum of either one or two types of behaviour (according to 
the behavioural dimension) in each of the three dimensions. from a 'choice: of 16 types 
overall, to give a total of at least 8 types of behaviour. Gillberg ( 1990) argues that onset 
before 3 years is sometimes difficult to establish from parents' accounts and is not an 
invariant feature. The NSAC definition, developed under the direction of Ritvo, also 
features a fifth criterion; (5) disturbances of response to sensory stimuli, which includes 
'disturbances of motility' as a wider definition of stereotyped behaviourrelated to sensory 
abnoqnalities (eg. hand clapping, oscillating, body rocking, head banging or rolling and 
3 
twirling objects). Ornitz & Ritvo ( 1968), following the earlier work of Creak ( 1961) and . 
Goldfarb ( 1956), identified disturbances of perception in all sensory systems and there has 
since been much research on perceptual abnormalities (see Frith & Baron-Cohen, 1987, for 
a review). 
2.3 Validity and Reliability of Diagnosis 
It may be difficult to make an unambiguous differential diagnosis between autism and 
receptiv~ speech disorder, childhood schizophrenia, and, in p~culru:, learning disability 
(Prior & Weriy, 1985). However, cluster analysis gives construct validity for an autistic 
spectrum of behaviours Prior et al, 1975), when it is accepted that individual behaviours, 
or behavioural .dimensions, overlap with other developmental disorders. The clustering of 
be~aviours is what characterises autism (Gillberg, 1992). Autistic individuals are likely to 
have significant cognitive delay, with 75-95% achieving overallability scores of IQ<70 
(Bartak & Rutter, 1976; Gillberg, 1988). The primary difficulty in differentiation from a 
'simple' learning disability is that a learning disability is often associated with autistic-like 
social impairments (Wing & Gould, 1979). The diagnostic criteria for autism emphasise 
social functioning out of keeping with intellectual level. There is a relationship between 
developmental level and the severity of autistic social impairment (Bartak & Rutter, 1976; 
Volkmar et al, 1989) and differential diagnosis is particularly problematic when abilities are 
low (Rutter & Schopler, 1987) or with young children (Prior & Werry, 1985). 
A rating scale for observed behaviours offers potential for greater systematic objectivity of 
' . 
diagnosis and also for psychometric measurement of an individual's spectrum and severity 
of behaviours, The Childhood Autism Rating Scale (CARS; Schopler, Reichler & Renner, 
1988) is more reliable and has greater concurrent validity (against psychiatric diagnoses) 
than previous scales for clinical practice, diagnosis and research (Gillberg, 1990). The 
4 
CARS measures most of the spectrum of behaviours described here as associated with a 
diagnosis of autism, identifying 14 behil.viour dimensions, each rated on a seven-point scale 
by either behaviour type or severity. The score provides both a severity rating and a 
diagnostic cut-off, from validation with psychiatric diagnoses. 
3. The Central Role and Nature of Social Abnormalities in Autism · 
3.1 Wing's Views on Diagnosis; Social Development in Autism 
In contrast to the above three diagnostic systems and the CARS, Wing (1988) proposes that 
there is just one distinctive 'central problem' in autism, which is " ... both necessary and 
sufficient for the diagnosis. 0 0 n (my italics): n 0 •• an intrinsic impairment in development of 
the ability to engage in reciprocal social interaction ... ". The study of Wing & Gould (1979) 
found that degree of social impairment was the most reliable feature that distinguished 
autistic from non-autistic learning disabled adults 
Rutter ( 1978) describes the social abnormalities, when onset is before the second year, as 
lack of attachment behaviour with parents (but not physical · withdrawal) and lack of 
anticipatory posture for being picked up. He also emphasises absence of eye contact for 
communication (eg. to gain attention, on.being spoken to). After age 5, Rutter states that 
these difficulties may diminish, but that social difficulties persist in lack of cooperative play, 
failure to make friendships and lack of empathic understanding leading to socially 
inappropriate behaviour. The longitudinal study of Wing & Gould (1979) supports Rutter's 
view of the development of autistic social behaviours; they found a transition from 'aloof, 
through 'passive but responsive', to 'active but odd social initiation'. The authors describe 
the latter as varying from one-sided or idiosyncratic social approach with little interest in 
others' needs and feelings to a " ... poverty of grasp of the most subtle rules of social 
5 
interaction." 
3.2 Early Autistic Social Behaviours: Jmportanl;e for Research 
Research aimed to elucidate underlying causal mechanisms in autism attempts to distinguish 
between such 'primary' autistic abnormalities and their consequences - 'secondary' 
abnormalities. By definition, primary abnormalities will· not appear later in development 
than secondary abnormalities and they may well appear earlier, so the study of young 
autistic children is important (U ngerer, 1989), 
Volkmar (1987) describes hick of social reciprocity, tenuous attachment, paucity of joint 
play and poor coqtmunication as the autistic soci~l impairments in infancy. As discussed 
earlier, differential diagnosis in young chidren may be problematic. However, theresearch 
of Klin, Volkmar & Sparrow (1992) in4icates that there-are a number of pre-11 month 
social behaviours which tend to be absent (but not iilvariably) in young autistic children. 
The mothers of 29 autistic and 29 developmentally delayed children, mean ages . 
approximately 4 years and matched on various IQ tests, were interviewed using the Revised 
Vineland Adaptive Behaviour Scales. The child's social behaviours were scored as 'not 
usually performed' /'usually performed' on the first 20 items of the Socialization Domain. 
The autistic group performed social behaviours less frequently than the controls on nine of 
the 20 items, even though the children's equivalent age ability scores would have predicted 
that these behaviours should be 'usually performed'. Six of the nine items described social 
behaviours whose median age of onset is no later than 7 months; interest in non-family 
children, interest in oth~rs' ·activities, simple interaction games, showing affection, reaching 
for a familiar person and showing anticipation of being picked up by a caregiver. The three 
items which described 8-11 month social behaviours included laughing or smiling in 
response to positive statements and imitating simple movements. Although this study 
6 
appears .to give reliable evidence of early social abnormalities, it should be noted that 
between 38% & 69% of the autistic children did 'usually perform' the social behaviour on 
each of the 9 items and up to 21 % of the control children did. not, although only two_pf the 
29 au~stic children displayed all items up to to the age equivalent of 7 months. Also, 86% 
or more of the autistic children showed attachment behaviours on 3 of ihe 20 ite.ms and 93% 
expressed two or more recognisable emotions: 
3. 3 Attachment and the Expression of Emotion 
As indicated by the above study of Klin et al (1992), some attachment behaviours are 
present in autism. Other researchers have found more social behaviours (proximity, 
looking, touching, vocalisation) towards caregivers than strangers, both before separation 
and on reuniting after 2 minutes (Sigman & Ungerer, 1984; Sigman et al, 1987). Thus 
attachment itself is not absent, although Mundy & Sigman (1989a) and Hobson (1989a) 
suggest that positive affect behaviours relatively diminished even within the attachment. 
Thus, autistic children may engage in cuddling and responsive smiling (Volkrilar, ~ohen & 
Paul, 1986), but 3 - 5 year old autistic children also make idiosyncratic affective 
vocalisitions (Ricks & Wing, 1979). Raters find it difficult to identify a specific affect 
associated their facial expressions (Mundy & Sigman, 1989a) and they tend not to exhibit 
expressive gestures (eg. of friendship; Attwood, Frith & Hermelin, 1988). 
3.4 Joint Attention, Gestural Behaviours and Imitation 
Joint attention (looking at what another person is looking at), normally present at 8-10 
months, and indicating behaviours (gestural communication" pointing to draw someones' 
attention to an object, showing an object and referential looking or alternating looking 
between object and person), normally present at 11-12 montl).s, have been shown to be 
deficient in autistic children aged 3-13 years, compared with ability- and age-matched 
7 
controls (Baron-Cohen, · 1989; Baron-Cohen, 1990; Goodhart & Baron-Cohen, 1993; 
Loveland & Landry, 1986; Mundy, Sigman, Ungerer & Sherman, 1986; Sigman et al, 
1986). The deficit in joint attention predicts future language development (Mundy, . Sigman 
& Kasari, 1990) and, when joint atten~on is observed with autistic children, it is associated 
with low levels of positive affect expression, whereas ability-matched children with 
develpmental delay tend to show positve affect such as smiling (Kasari et al, 1990). Thus, 
Muridy & Sigman suggest that joint attention deficits constitute a central early social 
abnormality in autism. The theory they have developed around this is discussed later. 
In contrast to joint attention, there .is no specific deficiency in social interaction behaviours 
which ~volve the use of non-verbal behaviours or objects to initiate or maintain face-to-face 
· interaction ( eg, reaching, taking turns with another), nor in requesting/regulating behaviours 
(eg. reaching to a toy) that involve procedures to gain another's aid in obtaining objects or 
events (Mundy et al, 1986; Mundy, Sigman & Kasari, 1990; Baron-Cohen, 1989; Attwood 
et al, 1988). Thus, autistic children may initiate physical or visual contact, or point to an 
object with the apparent aim of indicating to an observer that he or she 'should' make it 
available. 
3.5 Perception of Faces and of Facial Expressions of Emotion 
There has been research into mechanisms underlying affect in autism. There is a body of 
evidence, although not unchallenge4, suggesting that autistic children have a difficulty in 
identifying facial expressions of emotion, beyond that of ability-matched learning disabled 
' 
children (Ozonoff, Pennington & Rogers, 1990; Volkmar et al, 1989). Any such difficulty 
may originate both in difficulties in processing information about complex emotions, such 
as pride and embarassment,. and in abnormal mechanisms of facial perception (Tantam, 
Monaghan, Nicholson & Stirling, 1989; Hobson, 1991}. Recent re~earch by Hobson and 
8 ' 
colleagues (Moore, Hobson & Lee, 1995) indi.cates that underlying perceptual abnormalities 
may be primarily responsible: Autistic children had acute difficulties in verbally labelling 
observed human behaviours representing states and emotions, but not in recognising actions, 
when the information was conveyed in point~light displays lacking real-life contextual 
information. In earlier research, they were more adept than ability-matched controls in 
matching pictures of faces by emotion and identity when they were presented upside-down 
(Hobson, Ouston & Lee, 1988) and in choosing emotion labels for the facial expression 
(Tantam et al, 1989), whereas the reverse was the case when the pictures were in the 
normal orientation. They may tend to use information from the lower part of the face (eg. 
mouth) rather than the upper part (eg. eyes) in emotion and identity recognition (LangdeU, 
1978). 
Hobson and eo-workers (Hobsoil et al, 1988) suggest that autistic children identify 
emotional expression not by 'emotional content' but by identification of associated 
perceptual features. Different aspects of faces may be. salient for autistic individuals 
compared with ability- and age- matched controls .. Indeed, faces themselves may not be 
salient, as W~eks & Hobson (1987) found that autistic children tended to sort pictures of 
faces by the hat worn rather than by facial expression, unlike ability- and age-matched 
controls. Hobson ( 1989) concludes that autistic children have a biological impairment of 
'affective-conative relatedness with the environment' (i.e. impairment of affect and 
motivation) which impairs their 'personal relatedness' with others. 
4. Theorising about Autistic Social Abnormalities 
4.1 Introduction: the Role of Perceptual and Conceptual Levels of Explanation for . 
Autistic Social Abnormalities 
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Dawson & Lewy (1989a) highlight two primary differences between inanimate objects and 
people as 'sources of information'; as discussed by Gelman & Spelke (1981): 1) Objects 
cannot re~-pond with independent action, so their movements are predictable from their 
physical properties and actions upon them, whereas people act and communicate in ways 
that are not fully predictable. 2) Objects are determinate, in being primarily characterised 
by their physical properties, whereas people are indeterminate in being characterised by 
their actions, intentions, motives and feelings. 
These two differences, discussed in more detail in _the following section, highlight two 
'levels' of psychological functioning within social relationships and situations;· Oven - the 
person responds to others on the basis of 'directly' perceived external features; and Coven-
the person responds to others on the basis of inferred internal·psychologicarstates. These 
two levels may be regarded as mainly depending on, respectively, sensory-driven 'bottom-
up', and conceptually-driven 'top-down', processing (Frith & Baron-Cohen, 1987). 
Theorists concerned with normal infant development (eg. Shultz, 1988; Premack & Dasser, 
1990; Gelman & Spelke, 1981) have. suggested that not only is 'low-level' perceptual 
processing significant in its own right for both infants and adults in accounting for, and 
predicting, social and non-social events (a suggestion which is explored later), but it is also 
a prerequisite in early infancy on which later developing, conceptual, levels of social 
explanation are dependent. A similar view is proposed by Hobso,n (1989), with reference 
to autistic children. Rather than proposing a clear distinction between the two levels, 
Hobson suggests that overtly observable features of a person - facial expression, directed 
gaze, gestures, posture (i.e. both non-intentional and intentional non-verbal communications) 
- convey information about covert internal states such as emotions and desires, and also . 
about the external objects of those internal states. Thus affective or motivational states are 
perceived and this leads naturally to inferences of the objects of those internal states; thus 
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the person is attributed with covert 'intentional' mental states (i.e. thoughts, beliefs or 
intentions about objects or people in the world - eg.;, "He believes I am smiling at him", 
may be inferred from a obsenied reciprocated ~mile). 
In contrast, other theorists propose that autistic· children's social abnormalities are due to 
difficulties at the conceptual level - the inferencing of intentiop_al mental states ('theory of 
niind' deficit hypothesis; see Frith, 1992 and Baron-Cohen, 1992, for reviews). The 
empirical evidence for this hypotheses, now the subject of controversy, will be evaluated 
in the Discussion. The concern here is the claim of such theorists that abnormalities that 
are apparently at the sensory/perceptuallevel actually represent the 'underlying' precursors 
of developing conceptual difficulties; i.e. they are the result of top-down, not bottom-up, 
processing difficulties (Leslie & Happe, 1989; Frith & Baron-Cohen, 1987). 
Hobson ( 1989), as discussed earlier, proposes that autistic children have difficulties in 
'direct' perception of others' affective expressions and gestures, and in their own emotional 
responsivity. On a siniilar theme, Boucher & Lewis ( 1992) found specific memory 
diffjculties for faces in autistic children, which they suggest may cause social difficulties. 
Mundy & Sigman (1989a, b) also focus on autistic children's perception of others' non-
vertial behaviours, but propose different mechanisms from Hobson. As discussed earlier, 
joint attention is relatively diniinished in autism. In view of its normally early development, 
Mundy & Sigman propose that 'covert', top-down processing, accounts of its relative 
absence in autism that are based on later-appearing conceptual difficulties, such as in 'theory 
of mind', are unlikely, alone, to be adequate explanations of the early social difficulties. 
Similarly, as discussed earlier, Klin, V olkmar & Sparrow (1992) have argued that theory 
of mind difficulties are unlikely to explain other pre-12 month· social abnormalities in 
autism: Mundy & Sigman (1989a) have found that joint attention behaviours are poor 
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predictors of pretend play, which are postulated as linked with theory of mind capability. 
Mundy & Sigman (1989b) discuss how joint attention behaviours are associated with 
positive affect expressions, in normal children, unlike autistic children (as outlined earlier). 
As the expression of positive affect induces imitation, eg. smiling, from a caregiver, they 
. ' 
propose that the normal child learns, by contingency, that his or her own expression of 
positive· affect has 'signal value' in 'causing' the adult's smiles; thus joint attention 
behaviour becomes positively reinforcing. In contrast, as autistic children emit fewer 
positive affect expres~ions, they have correspondingly less opportunity to learn such 
contingency. Mundy & Sigman also draw on ~awson & Lewy's (1989) theory of autistic 
'overarousal' in unpredictable social environments (discussed below), suggesting that autistic 
children also have an intrinsic difficulty in processing social contingency information. 
Whilst the early relative absence of joint attention behaviours is likely to be of great 
importance in autistic social development, Mundy & Sigman's proposal that it is based in 
an absence of affective expression places it as an abnormality secondary to another social 
abnormality; affect expression, about which they have no account. Also, the role of social 
unpredictability is not operationalised. There is an absence of empirical evidence for the 
mechanisms Mundy & Sigman propose, and a need for more specific proposals concerning 
the mechanisms underlying autistic children's need for predictability and how the perception 
of social predictability may be linked with the early social abnormalities in autism, such as 
anticipation of caregivers approach, interest in others, affect expression and joint attention 
(Klin et at, 1992; Mundy & Sigman, 1989a). 
4.2 Need for Predictability, Sensory Responses and the Autistic Social Abnormalities 
There is much evidence that autistic children haye a need for events to be predictable, their 
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'desire for sameness' and 'resistance to change' being diagnostic criteria, as discussed 
earlier. However, there has been little research to investigate any relationship between need 
·for predictability and social abnormalities in autism .. In support of their hypothesis, Dawson 
· & Lewy (l989b) cite work indicating that behaviours such as eye contact, stereotypies and 
. social responsiveness vary as a function of the structure, familiarity and predictaJ?ility of the 
environment. They also cite Ferrara & Hill ( 1980), who found that autistic children, unlike 
younger normal children, handled dolls for shorter periods if there was an unpredictable 
interval between illuminating a miniature theatre 'stage' and the dolls appearing, compared 
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with a predictable interval. . This experiment suggests that the children were probably 
responding to predictability on a perceptual, rather than conceptual, level (i.e. the children 
are unlikely to have resorted to conceptual, mentalistic, reasoning to account for the 
unpredictability). However, it is not clear, given the tangible nature of the dolls, that either 
group of children were attributing animacy to them, and therefore the experiment cannot 
be regarded as an analogue of a 'social' situation. 
Direct indications of a link between predictability, the animate/inanimate distinction, social 
fear and sensory/perceptual processing may be found in four first-hand accounts by autistic 
people of their experiences during childhood. One person (Joliffe, Lansdowo & Robinson, 
1992) describes the salience of various senSory experiences, such as an interest in colours, 
·tights and shining metal surfaces, .and the importance of tactile experiences such as rocking, 
spinning wheels, and opening and closing doors. The writer believed that he or she tended 
to look at the outline or parts, rather than the whole, of pictures or faces and found· it 
difficult to look at faces, not realising that " ... [my fari:rily] were people ... and more 
important than objects" . The writer had a particular fear of moving objects including the 
"sudden" movements of dogs, and found the "indecision" of events almost intolerable. 
There was also a fear of noises, both animate and inanimate. Bemporad (1979) gives an. 
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account of a 31-year old man who was afraid of human contact in childhood; he described 
being in a " ... frightening world presenting painful stimuli that could not be mastered. 
Noises were unbearably loud; nothing was constaitt; everything was unpredictable and 
strange. Animate beings were a particular problem. Dogs were remembered as eerie and 
terrifying ... they were somehow· humanoid (since they moved of their own volition, 
etc.) ... they were especially unpredictable; they could move quickly without provocation". 
Grandin ( 1986) wrote that the " ... people world was often too stimulating to my senses". 
Unexp~cted events were worst and she would feel overwhelmed, in social events; " ... people . 
moving about at different speeds,· going in different directions, the constant noise and 
confusion, the consta~t touching, were overwhelming" (op. cit, p. 25). She wouldfind it 
difficult to 'screen out' background noises and would 'retreat' to spinning herself or other 
objects. Similarly, a teenage boy wrote about his experiences when younger. His hearing 
and eyesight would "play tricks" on him, so that his eyesight would frequently "blurr" and 
could distort the sizes of objects, whilst words and noise would be confusing and 
"terrifying" (White & White, 1987). 
Thus, sensory experiences can be overwhelming, whilst any sensory information may appear 
unpredictably salient with disregard to its 'everyday' relevance. Movements and sounds in 
particular may be incomprehensible and unpredictable aspects of the behaviours of people 
and animals. It appears that it is the experience of perceiving such animate movements, 
rather than necessarily the physical appearance or presence of a person or animal in itself, 
which produces the social fear. 
Having established the basis for the ideas about sensory processing, predictability and social 
abnormalities, reviewed below is the empirical evidence about-these factors in autism, and 
about the responses of autistic children to novelty and unpredictability. 
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5. Processing of Sensory lnfoqnation by Autistic Children 
.5. 1 Preference for Sensory Modalities by Autistic Children, and Cross-Modal 
Recoding 
Hermelin & O'Conoor (1970) carried out a series of classic experiments with autistic 
children. Of interest here are two of their overall fmdings: I) Th~ autistic children found 
sensory information in a tactual modality more salient than in a visual modality, which in 
turn was more salient than an auditory· modality (eg. speech). 2) The autistic children 
tended not to trarisfer information· perceived in one sensory modality to another. 
The tactual preference was indicated by their tendency to use tactile (eg. outlines of edges) 
rather than visual information in assembling puzzles or when carrying out a tracking task 
. ' 
":here they were required to guide a metal stylus along a groove following tracks of varying 
complexity. The autistic preference for the visual over auditory modality was indicated by 
autistic children tending to recall the spatial (left to right) sequence of presentation when 
three letters were presented visually, with the middle one first, then the right one followed 
by the left one. In contrast •. learning disabled and normal children recalled the temporal 
sequence, recoding the presentation in auditory-verbal mode . 
.5.2 Implications of Sensory Responses and Sensorimotor Learning for theories about 
Conceptual Cognition 
One of Herme1in & O'Connor's ( 1970) primary conclusions, partly fiom their observations 
of 'proximal' tactual preference, was " ... autistic children ... have a tendency to process and 
make use of information from induced and active movements ... (they) seem to rely more on. 
perceptual activity than on perceptual analysis." Some subsequent research supports this 
view, and consideration of this clarifies the implications of these comments. 
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One difficulty in processing visual informatio~ may be autistic children's tendency to focus 
attention on· small areas of a complete image or object. Hobson's an" Langdell's work (3.5 
above) indicates that faces may be perceived by different features from other children, and 
this is confirmed by one of the first hand accounts (4.2 above; Joliffe, Lansdown & 
Robinson, 1992). Frith (Frith, 1989; Frith & Baron-Cohen, 1989) give examples of autistic 
children foctissing on small objects in the environment and of an ability to locate 'hidden' 
geometric outines in a complex design. Similarly, Rincover & Ducharme (1987) carried 
out research which is consistent with earlier research (see Frith & Baron-Cohen, 1987) 
indicating that autistic chidren tend to learn to discriminate only one element of a more 
complex display (stimulus overselectivity). These researchers found that such overselectivity 
was specific to displays with spatially separate elements, rather than simply a difficulty with 
complex displays, and the earlier research found that learning disabled children may have 
similar problems, if often not so acute. 
Consideration of such selective responses to visual stimuli, together with autistic children's 
preference for the tactual modality, may account for a body of evidence which indicates that 
conceptual learning is difficult when information is presented in an abstract visual format, 
but less so when presented in a more 'concrete' format available to tactile exploration. 
Prior & McGillivray (1980) found that autistic children were !lble tolearn changing abstract 
matching rules (changing set) to obtain a reward (conditional matching learning set task) if 
the stimuli were coloured three-dimensional objects that could be handled, whereas they had 
difficulties (relative to ability-matched controls) in learning a conditional matching rule 
' . . 
using cards with geometric black and white designs (Wisconsin Card Sorting Test, WCST; 
Prior, 1977; Ozonoff, Pennington & Rogers, 1991). Prior & McGillivray concluded that 
the children did not have a specific difficulty in learning abstract rules, but rather in using 
information from a visual-abstract mo~ity in forming the rules .. 
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In support of this position, there is a variety of evidence that autistic childr~n can form both 
new abstract categories, as indicated by their performance on this aspect of the WCST 
(Ozonoff, Pennington & Rogers, 1991; Prior & McGillivray, I 980), and are aware of 
e~isting categories and concepts. For instance, the results of both sorting tasks and of a 
visual habituation/recovery procedure show they have a knowledge of various 'basic-level' 
categories of form and function and colour (Sigman & Ungerer, 1987; Sigman et al, 1987) 
and of 'superordinate' categories within either biological or artifactual domains; 
fruit/vegetable/animal or clothing/vehicle/furnitUre (Tager-Flusberg, 1985). Similarly, 
Eskes, Bryson & McCormick (1990), using the Stroop paradigm, demonstrated that autistic 
children can represent mentally both concrete and abstract word meanings, and Hobson & 
Lee (I 989) found no difference between autistic and learning disabled control participants 
in their ~omprehension scores for abstract versus concrete words using the British Picture 
Vocabulary Scale. 
In contrast, autistic children had difficulties learning sequencing rules, when asked to 
reproduce, from memory, sequences with repeating patterns of auditorially-presented words, 
of green and red counters, or of squares in order of decreasing size (Hermelin, 1976). 
Thus, autistic children may have difficulties with specific abstract concepts, or in using 
abstract visual materials. Authors concerned with linguistic functioning ~;uggest that autistic 
children have difficulty with manipulating, rather than forming concepts and symbols in 
language. Consonant with the work on abstract spatial sequences and t~mporal sequences 
and concerning changing cognitive set (i.e. changing 'rule'), autistic children may have 
problems in comprehending the temporal relations (sequence) of events and in using verb 
tenses (Bartolucci et al, 1976; Paul, 1987) .. There may be 'simple' difficulties in the 
retrieval process: Tager-Flusberg (1991) found that, although autistic children had 
difficulties, relative to ability-matched children, in learning semantically-related word lists 
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(versus unrelated lists), this difference between the groups disappeared when the children 
were given semantic and rhyme cues to aid recall. Boucher & Lewis ( 1989) similarly found 
that cueing, by the use of leading versus open-ended questions, subtantially reduced or 
eliminated the event recall deficit of autistic children relative to leaJ1ling disabled children 
. which was apparent under free recall conditions. Cueing may also facilitate the production 
of conceptually-dependent behaviours: Lewis & Boucher (1988) found that, although pretend 
play is seldom spontaneously engaged in by autistic children, it may be elicited from them 
by the use of cues. 
When given the opportunity for sensori-motor based skills (i.e. tactual cause and effect 
learning), it has been found that autistic children can both learn and retrieve relatively 
abstract rules and engage in problem solving (Sigman & Ungerer; 1981). These researchers 
found that the autistic children's sensorimotor skills were dissociated from, and in advance 
of, their language skills, unlike normal children, particularly if given a second opportunity 
to do the tasks after initial familiarisation. In particular, the autistic children.searched for 
a hidden object and were able generate problem-solving solutions, for instance to use objects 
available as tools to retrieve inaccessible items. Thus, the availability. of 'concrete' 
materials appeared to stimulate productive thought processes. 
Summary: 
In summary, in autism there is an apparent preference for tactually-based, or for visual 
relative to auditory, sensory coding, and there are related difficulties in using sensory 
information presented in visual or auditory modalities, particularly if output is required in 
a different modality. There may be relatively intact sensorimotor learning, underlying an 
intact categorisation and abstracting capacity (relative to other children with similar verbal 
skills). However, there are areas where there are·acute autistic difficulties in manipulating 
18 
symbols and abstract concepts (Ricks and Wing, 1976; Tager-Flusberg, 1989), particularly 
in the use of sequence and in changing abstracting rule 'set' . However, the use of cues may 
aid conceptual and retrieval processes. 
' A possible conclusion which is proposed here, is that the salience of both sensory input and 
of stored information is abnormal in autism. As a result, the extent of further information 
processing is affected via selective attention processes. ln particular, this may determine 
the extent of cross-modal matching and utilisation of stored information in cognitive 
structures (eg. categories, concepts and memories; 'top-down' processing). The first-hand 
descriptions support such a conclusion and connect it with autistic children's responses to 
the perceived unpredictability of events (4.2 above). Further evidence for this conclusion, 
including the relationship with predictability, comes from habituation/recovery experiments, 
considered in the next sections. 
5.3 Habituation/Recovery Methodologies 
Some further evidence for the above proposal comes from habituation/recovery experiments. 
As this methodology is used in this. study, this is an appropriate place to introduce the 
principles and procedure. 
Infants older than about 3 months visually attend to novei stimuli. This selective 
responsivity to novelty is utilised in both the paired comparison and the 
habituation/recovery(dishabituation) procedures. In the former, the infant is first exposed · 
to a visual stimulus for familiarisation, and then is shown this original stimulus paired with 
a novel one, which typically is then given preferential attention. ln the habituation/recovery 
procedure, a stimulus is successively presented until the participant's fixation _times 
decrease, either after a ftxed number of trials or to a predetermined level (habituation 
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criterion), ·and then a novel stimulus is presented. Speed of habituation is believed to 
represent speed of information processing, or memory formation, (see McCall, 1979 for a 
more detailed interpr_etation) and the total duration of fixation over the trials may represent 
salience of, and interest in, the stimulus, for inStance tending to be greater for more 
complex stimuli (Martin, 1975; McCall, 1979). Recovery of attention to the new stimulus 
may represent discrimination of the degree of its perceptual discrepancy froni the memory 
trace (or in the case of the paired comparison procedure, the observed familiarised stimulus; 
Rose et al, 1982), plus any further discrepancy due to interestin (processing of) unexpected 
('surprising') features, for instance if the novel stimulus has anomolous properties (see, for 
instance, Leslie & Keeble, 1987; Baillargeon, 1994). However, further factors may 
influence extent of recovery, such as habituation opportunity, age of the infant and an 
inverted U-shaped function of recovery versus degree of novelty, so that' highly discrepant 
stimuli attract relatively diminished recovery (Rose et al, 1982). 
5.4 Physiological and Visual Responses by Autistic Children to Sensory Information: 
Novelty and Unpredictability 
Most of the research in autism using habituation/recovery methods has involved measuring 
central <;>r peripheral physiological responses to both visual and auditory stimuli, rather than 
the visual response modality discussed above and used in this study. Such physiological 
responses do not necessarily follow a similar habituation pattern to visual responses, but 
recovery' responses may be comparable between modalities (McCall, 1979), as will be 
outlined. Of particular relevance here are the responses to novelty, where the novel 
stimulus has been defmed as either the ftrst stimulus, as a variant of the habituation stimulus 
(i.e. the recovery stimulus), or as a change in the pattern of repeated presentations (eg. the 
stimulus may be om,itted or change location, or the participant may respond by a key press 
to a new -stimulus in a reaction time procedure, after having been passive during 
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·habituation). Inferences have also been made from the person's general sta~ of arousal 
when presented with a stimulus, or series of stimuli. 
Responses in the central nervous system: 
Research has identified abnormalities, in autism, in two particular event-related potential 
'components' (ERP; EEG responses to specific events). ERP components are labelled 
according to their latencies after the stimulus event (i.e. timing), according to their voltage 
amplitude profiles, and according to the areas of the scalp over which their peak amplitudes 
are found. Research in autism had tended to find abnormal responses in two ERP 
components, labelled 'Ne' and 'P3 ': 
Both components may be elicited in response to visual (eg. a letter' A' or a red colour slide) 
and auditory (eg. a single frequency tone) stimuli. The Ne component is strongest over 
frontal cortex and its timing (latency after stimulus on;Set), its pres~nce in control children 
when an expected stimulus is omitted and its increase in control children on a change in 
location of a visual stimulus (Verbaten et al, 1991) indicate that this component represents 
'endogenous' processing, rather than being simply a response to sensory stimulation. Ne 
develops early in infancy and Courchesne ( 1987) presents evidence that it represents " ... the 
focussing of internal attention on important information that has just occurred" (op. cit., 
p.306). The P3 component is strongest over the parietal or occipital lobes and has a longer 
latency than Ne, being regarded as measure of the 'deeper' information processing; 
specifically, the 'conceptual significance' that a participant gives to the stimulus 
( Cmirchesne, 1987). 
The Ne component may be reduced, or absent, or opposite in.autistic children compared 
with ability-matched children, and this is of particular interest when there is a failure to 
. . 
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respond either to the omission of a previously. repeated stimulus, or to a change in the 
location· of a visual stimulus. In other words, the autistic children appear not to have 
processed the unexpected new information (Courchesne, 1987). The P3 component may 
often be similar to controls in response to the first (i.e. novel) habituation stimulus that an 
autistic participant hears or sees. However, it then tends to be diminished relative to 
controls, again mainly on the unpredicted omission of both auditory and (but less marked) 
visual stimuli: 
The P3 component is also reduced relative to controls after a change in spatial location of 
a habituated· visual stimulus (i.e. novel relative to the habituation stimulus), despite a 
behavioural. response being observed in the case of the altered location (i.e. altered direction 
. . 
of gaze. Similarly, changes in stimulus complexity did not give the increase in both 
components which was found in control children (Verbaten et al, 1991). 
Courchesne (1987) concludes that these results indicate that autistic children categorise, but 
do not direct attention towards, significant new information. Such a conclusion is consistent 
not only with above results, but also with similar experiments which included a requirement 
for participants to respond behaviourally, by key press, to the stimuli. In the study of 
Strandburg et al ( 1984), children were asked to respond to two letters presented briefly 
. among an array of other letters. As with the later study of Verbaten et al ( 1991), the N and . 
. . 
P components (and also reaction times) did not change in response to increased complexity 
of the array, unlike the controls, despite their increased error rates indicated that th,ey found 
the task increased in difficulty. In the study of Ciesielski,. Courchesne & El masian ( 199<)), 
18 - 26 year old autistic men and normal controls were asked to respond either to specific 
rare flashes ~r to specific rare tones by pressing a key, according to condition, whilst being 
presented with stimuli in both modalities. Unlike controls, both the Ne and P3b 
' 
22 
components were completely absent, even though the autistic men had a high accuracy in 
responding to the target rare stimuli. They also had a considerably higher 'false alarm' 
response rate than the controls and tended to continue to respond to the target stimuli from 
the previous condition (i.e. in the unattended opposite modality), even though they 
understood the task requirements. 
Peripheral physiological responses: 
As mentioned earlier, studies of peripheral responses to stimuli have generated a general 
theory that autism is associated with chronic 'overarousal', indicated by generally increased 
respiration, skin conductance and fluctuating heart rate. The theory proposes that autistic 
children are not receptive to new sensory information. This would be supported by a 
'defensive', rather than a normal 'orienting' response (OR) to new stimuli, a normal OR 
being represented 'by a decelerating heart rate and moderate increases in skin conductance, 
compared with accelerating heart rate and Icirger conductance increases (defensive response). 
The empirical data do not give the theory consistent support _(Zahn, Rumsey & Van 
Kammen, 1987). Although measurements of resting skin conductance, respiration and heart 
rate of autistic participants are generally different from controls, this varies between studies. 
Two main confounding variables may be a child's initial response to being 'wired up' and 
desynchrony between the three measures, perhaps because respiration is particularly related 
to both central and autonomic factors (Zahn, Rumsey & Van Kammen, 1987). 
Changes in these.measures in response to presentations of new visual or auditory stimuli are 
again not all consistent. As with the research on central reponses, it appears that sonie 
information processing does take place, as both autistic and control participants have 
differential peripheral responses according to the 'magnitude' (visual complexity or auditory 
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intensity) of the stimulus (Barry & lames, 1988). Some researchers have also confirmed 
a differential response betwt;en autistic and control participants (Barry & lames, 1988; 
Palkovitz & Wiesenfeld, 1980), but others have not (Stevens & Gruzelier; 1984). 
Similarly, there QJ.aY or may not be differences in habituation between the groups, Barry & 
.James (1988) finding that autistic children did not habituate to either visual or auditory 
stimuli, whereas Stevens & Gruzelier (1984) did fmd habituation to tones, although there 
were minor group variations according to the measure used. Zahn, Rumsey & Van 
Kammen ( 1987) cite earlier work indicating both non-responders and fast habituators in 
autistic groups. 
Again, as with the central respo115es, group differences may emerge when behavioural task 
responses are considered, and these may represent lack of anticipatory responding iri the 
autonomic responses: Iil the study of Zahn, Rumsey & Van Kammen (1987), when 
participants were simply requested to listen to auditory tones (the requirement of most 
studies), there were few differences between autistic men and controls. However, when 
then asked to respond to a light by pressing a key until a beep sounded, the autistic men 
were less autonomically responsive than the control participants. 
Other differences in outcome between studies may have been due to differences in 
procedure, in stimulus mode (visual/auditory), intensity, complexity and duration, or in 
differences in the overall age and levels of cognitive and autistic disabilities of the 
participants, and on the parameters by which participants were matched (Zahn, Rumsey & 
Van Kammen, 1987; Barry & James, 1988). 
Visual and motor responses: 
There appears to have been only one study of autistic children measuring using 
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habituation/familiarisation and recovery of visual fixation (Siginan et al .1987). 
Unfortunately, the details of this study do not appear to have been published, but it appears 
from this that a habituation/recovery methodology can yield useful results with fixation 
times as the measure. The authors used a paired comparison method and found that the 
children had a preference for a picture belonging to a different category (vehicles or fruit) 
from the familiarised stimuli (furniture). However, the children did not prefer to look at 
a face with a neutral expression after being familiarised with pictures of happy or sad faces: 
Other researchers have measured fixation times for ftxed duration single presentations of 
displays. Both Hermelin & O'Connor (1970) and, more·recently, Boucher & Lewis (1992) 
found generally diminished ftxation times for photographs among autistic children, 
compared with controls. The latter authors found a very wide variance in ftxation times and 
no group differences between pictures of buildings and faces. Hermelin & O'Connor (1970) 
fmmd that both the autistic and the control children had increased ftxation times for more 
colourful and complex pictures, including faces. Similarly, Verbaten et al (1991) found that 
when autistic children were presented with abstract 4 or 16 bit 2 second information 
displays, they tended to have shorter ftxation times than controls for both the simple and 
the complex displays, but with no group differences between _the displays. 
Contrary to their results measuring physiological responses, Verbaten et al (1991) found no 
group differences in visual ftxation recovery to a change in the stimulus location, there 
being increases in both groups. However, Wainwright-Sharp & Bryson (1993) did find 
differences between 13 - 27 year old autistic men and age-matched normal controls in 
reaction times, in response to unpredicted locations of visual stimuli (consistent with the 
physiological results discussed above). The men were asked to press a button as soon as 
they saw a cross-shaped target stimulus appear on a display screen. This was preceded by 
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a 100 ms cue appeared in the centre of the screen, consisting of either a left- or right-
directional arrow or a neutral line. The arrow cues usually~ but not always, gave a valid 
indication of whether the target would appear to the right or left. There was no effect of 
either valid or invalid cueing on reaction times, unlike control participants whose reaction 
times either decreased or increased, according to cue ~alidity. A longer valid 800 ms cue 
did stimulate shorter reaction times for the autistic participants, but if the cue was invalid; 
these rrien were much slower than the controls at disengaging their ~ttention from the 
expected side of the screen to the location of the still}ulus. 
5.5 Summary 
The complex response patterns in autism to sensory information may be summarised as 
follows: Visual and auditory input may be lacking in salience for autistic children relative 
to tactual stimuli, and relative to other developmentally delayed children. Autistic children 
may notice only a section of a complex stimulus, particularly if the elements. are widely 
separated, and generally there may be relatively decreased attention and 'depth' of cognitive 
processing. This decreased processing may sometimes be related to increased arousal levels. 
ERP. results are also suggestive of decreased attention and information processing, 
particularly for ongoing, repetitive stimuli. Changes in temporal or spatial stimulus pattern 
may not be 'registered' in some central neural systems which are likely to be concerned 
with 'conceptual', top-down, processiitg, rather than simple categorisation of stimuli (the 
latter often being intact). Thus, appropriate responding may often be evident behaviourally 
in reaction times and visual responses. 
There is a relatively reduced level of anticipatory responding evident on both -a central and 
a peripheral level, and this is seen behaviourally in terms of slow reaction times, 
particularly to brief or misleading cues. Autistic chil~en find it difficult to disengage 
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attention from a previous pattern of responding even though their eye gaze may already be 
directed at a change in stimulus location. 
The above results and the limited information available about visual responses in autism, 
I 
indicate that relatively normal patterns of visual habituation and recovery to novelty may 
be expected for static stimuli. However, differences may be evident between autistic and 
control children when more complex dynamic displays are presented, where the novelty 
element is contained within a short temporal segment of the di.splay and where it represents 
a 'conceptual' , rather than a c~tegory, change of pattern. 
6. The Role of Causal Perception in Normal Social Development 
. A fundamental process underlying the infant's development of social understanding, social 
skills and communication, is the perception of, and inferencing from, physical and social 
'causal' events. The infant becomes able to recognise, account for and predict events 
involving both inanimate (physical) and animate (social) 'objects'. This enables him or her 
to develop a repertoire of social behaviours to meet his or her own needs within the context 
of observed events, by becoming an active participant in forming and maintaiJling 
emotionally-based relationships. 
6.1. Theorising about the Development of Causal Perception during Infancy; 'Self-
PropeUed' Objects and Animacy 
Poulin-Dubois & Shultz (1988) review the empirical evidence for the above view, proposing 
tliat the development of perception of both physical and social causality is linked via the 
development of discrimination between the causal properties of animate ~d inanimate 
objects. They propose that initially i~fants perceive all animate objects as passive recipients 
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under their own control. Infants then· expect 'independent agency' of all objects (animate 
and inanimate) and progress through discrimination between the independent agency of 
animate objects/humans and the passivity of inanimate objects, to an understanding of the 
role of psychological intentions in motivating human actions. Thus, conceptual 'theory of 
mind' ability ('covert' inferencing) may have its develop,mental origins in the 'overt' 
perception of independent agency. Poulin-Dubois and Shultz (Shultz, 1988; Poulin-Dubois 
& Shultz, 1988) do not attempt to account for the mechanisms underlying the observed 
developmental pr<)gression, but do highlight the relevance of the development of memory 
. and the learning of rules from real-life feedback and analogical reasoning (Shuitz, 1988, p. 
363). Ogbom & Bliss ( 1990) have proposed a similar· theory, involving the development 
of the concepts of living/non-living and independent agency from causal experience .of 
motion, based o~ the Piagetian principle of sensorimotor learning. 
The above authors thus propose (along with Premack & Dasser, 1990) that the development 
of the animate/inaninimate distinction is a necessary 'first step' in the perception of 
independent agency. Poulin-Dubois & Shultz highlight the development of a concept of 
agency, whilst all three pairs of authors agree that an understanding of intention is an 
important 'end product' of this developmental pa~. They all state that the 
animate/inanimate distinction is b~sed primarily (although not exclusively; Shultz, 1990) on 
the infant discriminating, from observation, between 'self-propelled' (i.e. animate) objects 
and non-self propelled objects (i.e. inanimate), a non-self-propelled object requiring a 
second object, or agent, to cause its movement. Thus, successful animate/inanimate 
categorisation may depend on the perception of physical causality in 'collision' events. 
Shultz proposes that the operation of a 'discpunting heuristic underlies this process; the 
infant uses a dichotomous rule which 'states'; "motion not externally caused = animate: 
motion externally caused = inanimate". The category of 'animate' is assigned, aq:ording 
I 
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to Shultz, as a 'default' category if physical causality is observed not to have taken plac.e 
(i.e. physical causality can be 'discounted'). 
Premack & Dasser ( 1990) take a similar approach to the above. whilst clarifying particular 
aspects. They propose, as discussed earlier about Hobson's theorising in the field of autism, 
that there is an important distinction between perception and conception; i.e. implicit and 
explicit processes. Infants can 'directly' perceive the animate/inanimate distinction, based 
on the perceived properties of dynamic events, but must make a further 'higher-level' 
conceptual step to 'interpret' the event in terms of the participant's theory of mind (his or 
her intentions), and to then respond accordingly. 
Poulin-Dubois & Shultz suggest that conceptual 'theory of mind' inferencing may be 
dependent, in terms of 'hierarchical', or chronological, development, on such a 
perceptually-based understanding of animate and inanimate movements. Shultz ( 1988) also 
discusses how events may be understood on a multitude of levels, from 'perceptual' to 
'conceptual', terming the everyday multi-level descriptions and explanations of behaviours, 
the 'accordion effect'. Nevertheless, the infant can still make use of low-level perceptually 
based 'implicit' processes to respond to important aspects of the soeial world. 
The above arguments may be extended to the perception of 'social' relationships between 
people: Premack & Dasser (1990) propose that, if there is more than one self-propelled 
(animate)object, there is the possibility (according to the objects'' perceived dynamic spatial 
relationship) of 'directly' perceiving processes such as social goal formation- one person~s 
intention to have influence on another - and reciprocity - two persons' intentions to 
influence each other in a dynamic equilibrium. 
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6.2 Empirical Evidence concerning the Development of Causal Perception during 
. ' 
Infancy and Early Childhood 
In support of the above theories, there is evidence for causal perception of 'overt' dynamic 
features in the following three_ types of event: 
1) Inanimate physical causality: 
Leslie (Leslie & Keeble, 1987) has investigated a scenario of the following type: A billiard 
ball collides with another, which immediately moves away. · He tested the hypothesis that 
six month-old infants would detect the 'ftxed' and 'causal' dynamic temporal and spatial 
relationships within such a collision, by habituating the infants to just such a cartoon-
animated event and variants of it, but using two-dimensional squares rather than balls. He 
then measured recovery of visual ftxation to further novel variants. The displays varied in 
direction of movement and in whether the event was 'impossible', due to either lack of 
contact (no collision) or a time delay during contact. The results indicated that the infants 
discriminated the 'impossible' events in such a way that it could be concluded that the 
infants were perceiving the 'irreversibility' of the causal collision event; the causal 
connection perceived was 'more' than simply a spatiotemporal contingency in the contact 
moment. Leslie argues that the irreversibility is perceived within the contact relationship 
on collision, but his results may also be regarded as showing that the ~nfants discrimated 
role irreversibility; to the ftrst square as 'actor' and to 'the second square as 'recipient'. 
Although Leslie concludes that suctJ, 'causal' perception is 'hard-wired' rather than learned 
from ei.ther direct experience {i.e, not Piagetian sensori-motor learning) or observational 
experience, this conclusion rests simply on the young age of the infants. The conclusion . 
may be weakened by reports that there are substantial individual differences in whether or 
not adults perceive such a causal connection in such displays (reviewed by Bruce & Green, 
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1990, p. 335) and Leslie's results cannot exclude such individuaLdifferences for the infants. 
Baillargeon and colleagues (Baillargeon, 1994) have carried out a series of experiments of 
similar design to the above, which indicate that infants aged between 3 and 6 months expect 
inanimate objects to follow further physical laws, beyond the conservation of energy law 
observed in the above collision events, such as gravity (needing support to resist gravity), 
conservation of form (i.e. objects do notspontaneo·usly change shape) and conservation of 
number. 
2) Direct animate physical causality: 
Golinkoff & Kerr (1978) investigated the following scenario; A man pushes a chair. They 
habituated 16 month-old infants to a film of such a real-life event and measured subsequent 
recovery of heart beat deceleration to a reversal, i.e. the chair 'pushing' the man. The 
results indicated that the infants discriminated the change of role and were thus making 
'agent' and 'recipient' a~butions, which is consistent with earlier results (Golinkoff, 1975) 
. . . 
and with those of Robertson & Suci (1980), who used similar methodology to fmd that 18 
month-old infants tended to monitor the 'actor', rather than the recipient, in a filmed 
scenario in which one 'animal' puppet pushed another. 
There was no evidence from Golinkoff & Kerr's experi~ent that the children discriminated 
the '.impossible' element of the reversal (chair pusing the man), as recovery to this reversal 
was no greater than recovery to a 'possible' reversal of a man-pushing-man event. Thus, 
the infants did not appear to associate an actor role (independent agent) with a person, 
versus a recfpient role with an inanimate object (i.e. they did not apply Shultz's 'discounting 
heuristic', which predicts that a child attributes agency to animate objects by discounting 
the possibility of external causes of their movements): However, there is evidence fr9m 
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other research that infants do, in fact, associate agency ~ith people rather than inanimate 
objects. Sexton (1983) found that 17 month-old, but not 11 month-old, infants turned to 
their mothers or the experimenter to re-create events from mechanical toys. Also, Poulin-
Dubois & Shultz (1989)showed infants, in real-life, an 'impossible' event in which a ball 
appeared to set off independently from a resting position and then collide with another, 
which in turn hit a "wobbling doll". The 13 month-olds, but not 8 month-olds, fail~ to 
habituate within 10 trials of this repeated diSplay, whereas the reverse pattern was found 
when the same infants watched a person push the same ball from rest, colljde with another, 
.etc. ('possible' event). bi contrast, both age groups habituated to both a babywalker 
("chair"; 'impossible') and a person ('possible') apparently moving independently in front 
of them. Thus, the older, but not the younger, infantS may have been 'surprised' at the ball 
appearing to have independent agency, in contrast with the person, although this surprise 
did not extend to the apparently autonomous movement of the baby walker. The authors also 
found that the 13 month-olds, but not the 8 month-olds, were able to communicate with 
their mothers as agents, requesting her to re-create an event (using the same procedure as 
Sexton, 1983, described above). Thus, Poulin-Dubois & Shultz concluded that intentional 
' 
communication by the infant was dependent on a concept of adults as autonomous agents. 
Poulin-Dubois & Shultz's conclusions may not be as secure as the authors suggest. It is not 
clear why the 13 month-olds habituated to the 'impossible' autonomous babywalker. One 
possibility is that they had found an acceptable explanation for this event (for examples of 
the latter in habituation/recovery experiments, see Baillargeon, 1994). Another possibility 
is that the infants simply had a lower level of interest for this event, as indicated by their 
relatively low decreased overall fixation ·times. lnterpretation.of such a 'simple' fixed trials 
hibituation procedure, with no novel recovery stimulus, may be confounded by uncontrolled 
features such as real-life novelty, attractiveness (eg colour, brightness) or complexity. 
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More secure evidence that young infants associate independent agency with people, or at 
least human hands, is provided by Leslie (1984). He habituated 6 month-old infants to 
filmed events, based on real-life footage, involving a hand picking up an 'inanimate' 
wooden Russian doll. By presenting various conditions of direction of approach and retreat, 
contact or lack of contact between agent and recipient, and the use of an inanirnilte "white 
oblong" in place of the hand, Leslie demonstrated that the infants appeared to be surprised 
·at the 'impossible' events of the oblong 'picking up' the doll (versus the hand), and·of the 
hand 'picking up' the doll without contact (versus the oblong). Thus the infants appeared 
to be surpised at an inanimate object apparently acting as an agent, although Leslie discusses 
the complication of whether the apparently gravity~defying contact between the oblong and 
the doll (infants expect inanimate objects to be subject to gravity; Baillargeon, 1994), or the 
agent role of the oblong, was the critical 'impossible' element of the displays, or 
alternatively whether the infants even perceived the oblong as being a separate object from 
the doll. 
Summary: 
Taken together, these experiments indicate that infants can attribute agent and recipient roles 
by early in their second year, at a similar time to the development of clearly recognisable 
intentional communication. They may also expect humans, or human hands, . to act as 
independent agents in contrast (or by default; 'discounting heuristic') to not expecting 
inanimate objects to act as autonomous agents, although such a conclusion requires further 
research to support it. 
3) Animate Psychological and Social causality: 
. . 
As suggested by Hobson (1989); covert mentai·States may be attributed simply on the basis 
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of observed, overt, non-verbal behaviours and features. As discussed earlier, in the field 
of autism; Hobson has highlighted a possible role of perception of features (facial 
expression) and gestures 'on the surface' of one individual in inducing what we may term 
'shared social experiences', whilst Mundy & Sigman (1989a,b) have highlighted the 
interactional nature of the perception of, and response to, intentional non-verbal 
communicative behaviours within an interactive dyadic realationship. 
·Causality may be inferred from the temporal and perhaps intensity contingency of events, 
and this applies to both non-social and social-events, the contingency in the latter being less 
clear (Watson, 1984). Thus, research with both normal adults and children has 
demonstrated that attribution both of agency, and of covert states such as intentionality, may 
be based on perceived 'surface' features of a social interaction completely independently of 
whether or not the 'actors' have the perceived physical attributes of animate objects (i.e. are 
not recognisably human or animal): 
Heider & Simmel (1944) showed adults a cartoon film in which two triangles of different 
sizes and a circle moved in relation to each other and a 'house' (two-dimensional rectagular 
outline), including going in and out of the door and having a 'fight' (see Bruce & Green, 
1990, pp. 338-339, for a summary). The observers described the ~eometric shapes as 
people, attributing them with covert states such as intentions, desires and personality 
characteristics. Apparently they used the perceived dynamic relationships and contact/lack 
of contact to attribute animacy/inanimacy, as found with children in the above research on 
inanimate and animate physical causality. Such an interpretation. is supported by Bassili 
( 1976), who varied the spatiotemporal relationships in a similar event in which a white 
circle 'chased' a black circle. When their directions were tightly linked, observers 
spontaneously attributed the circles with agent/recipient roles and intentions, whereas when 
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their directions were random but still temporally linked, a unspecified interaction was 
reported between the circles. More recent work by Thommen (1991) has extended this 
work to the study of children. She showed Heider & Simmel's original (1944) ftlm to 
children between the ages of four and twelve years. The youngest childt;en tended to 
describe the movements (in French) as intentional inanimate actions (eg. "the triangle hits 
[casse] the rectangle"), or as interactions when the figures touched each other, with a 
minority using mental state causal expressions. Seven year-olds perceived causal 
relationships between the figures even if they were not close together and ten year-olds 
tended· to give social interaction descriptions with more intentional, and fewer action, 
descriptions. 
Dasser; Ulbaeck & Premack (1989) have also attempted to demonstrate the perception of 
intentionality within filmed events of a similar type to Bassili (1976; although with no 
reference to any of the above research), using a non-verbal, habituation/recovery, method. 
There were three types of event in which a larger and a smaller ball moved in relation to 
each other, their relative motions being designed to representanimate/social interactions, 
'as if' carrying, touching, pushing, rubbing and hitting each other. Adults. tended to use 
mental state vocabulary to describe the events (eg. 'helping', 'reassuring'). Three year-old 
children recovered their visual fixation more when such an event was repeated with the balls 
taking opposite roles, than when the habituation and recovery events were in a different, 
less 'understandable', order. Whilst one may tentatively conclude, from this 'irreversibility' 
of roles, that the children attributed the balls with .different 'social' roles, it is difficult to 
see how Dasser, Ulbaeck & Premack felt justified in concluding that "intentionality" is the 
irreversible 'covert' element which was perceived in the events. 
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Summary:. 
These studies indicate clearly that the presence of interactive causal relationships may be 
perceived in 'social' events simply on the basis of the relative movements of the social 
'objects', even wh~re the objects do not have the surface features of arumate objects (i.e. 
there are rio other surface cues about the nature of the relationShips). The relationships do 
not necessarily. depend on perceived contact between the objects, but do depend on 
spatiotemporal contingenies in the relative patterns of the movements. When there is a 
'tight' spatiotemporal relationship, then children as young as four years may spontaneously 
attribute intentional mental states to the objects, this tendency increasing through to 
adulthood. 
7. Conclusions and Introduction to the Present Study 
7.1 Summary of current Theorising . and Evidence concerning early Social 
Development in Autism and in Normal Infancy 
The preceding literature ·review has highlighted a variety of theories about social 
abnormalities in autism and their early origins, which are still at an early stage. There are 
two current theories which are most clearly articulated and supported by empirical evidence: 
1) Hobson (Hobson, 1989; Moore, Hobson & Lee, 1995) proposes that abnormal visual 
perception causes autistic children not to notice, discriminate or 'understand the meaning' 
of emotional facial expressions and 'attitudes' (eg. gestures), and that this restricts their 
ability to respond to overtly recognisable affective behaviours. 2) Leslie, Baron-Cohen & 
Frith (Leslie & Happe, 1989; Baron-Cohen, 1992; Frith, 1992) propose that autistic 
children have a difficulty in developing the conceptual ability to infer the processes and 
contents of other people's minds (a 'metarepresentatiorial' difficulty in developing 'theory 
of mind'). 
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These theories illustrate, respectively, an 'overt/perceptual' and a 'covert/conceptual' 
approach to theorising about autism. Although the second group of researchers state that 
their ideas are unrelated to perce)Jtually-based ('bottom-up') processes, in contra~t Hobson· 
suggests that perceptually-based processes may underlie later-developing 'top-down' 
conceptual difficulties. There are a number of empirical and theoretical objections to the 
second group's position, which will be discussed later. Hobson's ideas also may not give 
an account of the range of social difficulties in autism (as ·illustrated by the self reports of 
autistic people), and are not without controversy and contrary evidence. However, they are 
more consistent with the evidence on the early origins and nature of the social abnorinalities 
in autism (particularly the difficulties in 'joint attention' - shared interest between child and 
onlooker), and with the abnormalities in sensory processing which are discussed earlier. 
Hobson's position is used as starting point to explore two related proposals which may have 
promise in developing a complementary hypothesis. These are the suggestions of Mundy 
& Sigman (l989a, b) that the early joint attention difficulties represent difficulties in 
processing perceived social information. They relate this to Dawson & Lewy's suggestion 
(l989a, b) that it is the unpredictability of social information which autistic children have 
difficulty in processing. Further evidence is reviewed above which indicates that autistic 
children may not notice external events if !hey are unexpected and/or brief, and if they are 
in a visual ·or auditory, rather than a tactual, modality. Furthermore, autistic children may 
find it difficult to respond to a situation if visual cues are either brief or misleading. This 
evidence is based mainly on the results of habituation/recovery procedures, measuring 
primarily central and peripheral physiological responses to novel events or static stimuli. 
A second line of theorising and evidence is drawn from the literature on normal infant social 
development, to operationalise Dawson & Lewy's proposal concerning social 
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unpredictability. Essentially, a major task during the flrst 18 months of infancy is for the 
child to build on an ability, whicl) may be present at 6 months, to perceive causality in 
physical events, by discrliDinating between the types of movement of animate (humans & 
animals) versus inanimate objects. Three authors propose that animate objects are (at least 
partially) categorised on the basis of being 'self-propelled'. Sh~ltz proposes that this is 
acheived by applying a 'discounting heuristic'; an object is perceived as self-propelled if it 
is seen not to have an external source of motion. Premack (Premack & Dasser, 1990) has 
. 
widened the area of sociaf interactions which may be considered on this developmental basis 
by suggesting that normal children may start to assign 'causal' social roles on the basis 
simply of the perceived relative movements of 'self-propelled objects'. This area had 
already been explored by Heider & Simmel (1944) and later researchers. Shultz further 
suggests that successful categorisation enables the development of intentional communication 
'to' the animate object (person) and forms the basis for affective relationships, a proposal 
which brings -us back to Hobson's idea (and that of Kanner, 1944) that autistic children's 
'core' difficulty is in affective relatedness. 
This theorising about normal infancy is generally supported by the available empirical · 
evidence. The results from habituation/recovery p-rocedures clearly indicate that normal 
infants have expectations about causal events in the physical world well within their fust 
year. They also assign roles in inanimate/physical, animate/physical and 'soc.ial' causal 
events on the basis of the relative movements of objects, but .it is less clear when this 
- . . 
capability starts to develop. The evidence is consistent both with origins around the end of 
the fust year, when intentional communication becomes evident (Poulin-Dubois & Shultz, 
1989), or even earlier (Leslie, 1984), and with development continuing beyond the age of 
four years (Thommen, 1991). 
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The possible importance of the development of causal perception for affective relationships 
are outlined by Poulin-Dubois & Shultz (1988, p. 119); "From a.concept of human beings 
as passive recipients of his or her own actions the child progresses .to regarding them as 
independent actors. The infant's knowledge of others as independent agents manifests itself 
ftrst in his differential emotional response (eg. interest) to human beings as performers of 
overt actions that cause observable events." We may conclude that difficulties in developing. 
the perception of causal events, on the basis of perceived spatiotemporal contingencies 
between 'objects', whether physical or animate, may give rise both directly and indirectly 
tl) affective and functional difficulties within both dyadic and social relationships. 
It is suggested here that it would not be surprising to fmd that autistic children have 
difficulties with causal perception, after considering the evidence on their abnormalities in 
processing dynamic ·visual information and the few ftrst-hand reports available about the 
fearful properties of many moving objects for them. If this is the case, their abilities to 
initiate and respond within affective and social situations would be likely to be seriously 
compromised, and similarly some of the scope of their ongoing, minute-to-minute, wide-
ranging difficulties with changing and unpredictable environments may be accounted for. 
Such wide-ranging difficulties may be only partially accounted for by current theorising 
about person-perception (Hobson, 1989), joint attention (Mundy & Sigman, 1989a, b) or 
mental inferencing (eg. Baron-Cohen, 1992, and others). 
7.2 Methodology 
Much of the evidence concerning the physiological responses of autistic children to 
unpredicted perceptual events, and concerning the perception of physical, animate and social 
causality in normal infancy, has come from the application of habituation/recovery 
methodology. Discrimination and underlying information processing is measured from the 
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presence and extent ·of c_~ response (physiological or visual) to· a novel stimulus after the 
child's attention has diminished to the 'habituated' stimulus. One weakness of research in 
autisin has been its reliance on verbal and observational evidence. The former cannot be 
applied with very young and/or developmentally delayed children and interpretation may be 
complex, whilst the latter, although potentially ecologically valid, has limited potential to 
inform about information processing mechanisms. The hypothesis articulated below is tested 
using a visual habituation/recovery methodology. The results will partly represent a test of 
the utility of such an approach for future research about autism and other developmental 
difficulties. 
7.3 Experimental Hypothesis and Predictions 
Hypothesis: 
It is proposed that autistic children have a -tendency either not to notice, or not to process 
further, brief dynamic visual information in observed events unless it follows a simple 
predictable pattern, and that this restricts their early social development, out of keeping with 
the level predicted from their receptive language development. Areas of pre - 8 month 
(anticipatory and affective social responses) and pre - 12 month (joint attention) social 
development will be affected. In particular, autistic children may not apply a 'discounting 
heuristic' which states that animacy is attributed to a moving object if there is no observable 
external source of its m9tion (Shultz, 1990). 
Predictions: 
' 
The frrst two predictions (1 & 2 below) are concerned with the hypothesised deficit in 
applying the 'discounting heuristic'. Recovery of visual fixation is measured, following 
habituation, to two moving images, one 'inanimate' ('Ball') and the other 'animate' 
('Runner' [boy]). The novel e~ement, common to both displays, is the introduction of a 
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time delay in the reversal of direction of travel on making contact with a 'wall' ('rebound'), 
so that the novel Ball display becomes 'impossible', in contrast with the 'possible' novel 
Runner display (see Method for full description). The next two predictions (3 & 4 below) 
are concerned with the hypothesised connection betw~n discrimination of the 'impossible' 
display and early social abnormalities. The remaining predictions (5 - lO below), based on 
the preceding literature review, are concerned with the application of the 
habituation/recovery methodology to dynamic displays with autistic and developmentally 
delayed children (upon which the above predictions are based). 
l) Autistic children will have lower visual fixation recovery scores for the novel Ball display 
('impossible' inanimate event) than developmentally delayed children of similar receptive 
. verbal ability. 
2) The autistic children will have lower recovery scores for the novel Ball display 
('impossible' inanimate event) compared with recovery to the novel Runner display 
. . 
('possible' animate event), than the developmentally delayed children. 
3) A) The autistic children will have lower scores than the developmentally delayed 
. . 
children· on seven of the pre - 8 month items from the Socialisation Domain of the V in eland 
Adaptive Behaviour Scales, which Klin et al (1992) found to be significantly reduced jn 
autism. 
B) Total scores on the above Socialisa~on items will be associated, in the· appropriate . 
direction, with recovery scores (1 above) and recovery score differences (2 above), both 
across groups and within the autistic group. 
4) A) The autistic children will tend not to have joint attention behaviours compared 
. ' 
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with the developmentally delayed children, as indicated by caregiver questionnaire scores 
(Good~ & Baron-Cohen, 1993). 
B) Joint attention behaviours will be associated, in the appropriate direction, with 
recovery scores (1 above) and recovery score differences (2 above), both across groups and 
within the autistic group. 
5) The autistic children will have lower total fiXation times than the developmentally 
delayed children for both displays. 
6) The autistic children will have increased total fixation times for the Ball compared 
with the Runner display, rela~ive to the developmentally delayed children. 
7) Both groups of children will habituate to both displays. 
8) There will be no differences between the groups in rate of habituation (number of 
trials to habituation criterion), for either display. 
9) The fixation times of both groups of children will recover to. the novel displays 
following habituation. 
10) · Both groups of children will have shorter durations of fiXation and recovery for both 
the habitu~~on and the novel displays (respectively) when seen after a preceding habituation 
or novel display sequence. · 
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CHAPTER 2. METHOD 
1. Materials 
1.1 Experimental Displays 
The computer-animated displays were prepared using MacroMind Director animation 
software, run on an Apple Macintosh Quadra 610 microcomputer. There were two sets of 
two-dimensional dynamic graphic colour ('animated cartoon') images, each set consisting 
of a 23.5 x 17.5 cm habituation and novel display (see Figure 1). One set consisted of a 
'boy' ('Runner' display; 2.2 cm high x 2.5 cm wide maximum) with red jacket, blue 
trousers and yellow hat, appearing from off-screen left, running with appropriate arm and 
leg movements towards a wall 18.5 cm from the left hand edge of the display, contacting 
it with his left· hand, turning around and running back off-screen. This display was 
continously repeated (as with a 'film-loop') so that the Runner was a changing and repeating 
dynamic element against the constant, static, background of the wall and the 'ground'. The 
other set ('Ball') was identical to the Runner display in the constant, 'static, background, but 
the dynamic image consisted of a two-dimensional red disc (2.5cm diameter). Its directions 
of movement were identical to the Runner, appearing from off-screen left, moving along 
the 'ground', contacting the wall and returning off-screen. 
The habituation and novel displays differed solely in the timings of the contact of the 
Runner and the Ball with the wall, and in the period each dynamic element was not visible 
(i.e. off-screen; see Table I for timings). Both of the novel displays extended the contact 
with the wall from instantaneous .(i.e. 'rebound' in the case of the Ball) in the habituation 
displays to a 2s delay,. and decreased the time off-screen by 2s (Runner). or ls (Ball). The 
on/off screen time ratio 'for the dynamic elements increased 2.3 fold (Runner) and 1.7 fold 
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(Ball) from habituation to novel displays. In the case of the Runner, the 'boy' maintained 
contact with the wall with his left hand, facing the wall. After the delay he immediately 
turned around and ran back. The delay was ·designed, as discussed, to ·introduce an 
'impossible' element in the inanimate Ball + Delay novel displays, as conservation of 
energy would not be apparent in the rebound, whereas the animate Runner + Delay novel 
d!splay was designed to remain 'possible', as apparent conservation of energy would not be 
expected in the turnaround. 
Dynamic Element Runner Ball 
Condition No Delay Delay No Delay Delay 
Total duration of 
display cycle 5.0s 5.0s 4.5s 5.5s 
On screen (complete 
dynamic element) l.5s 3.5s . 2.0s 3.0s 
Ratio 
On screen/Total .30 .70 .44 .73 
Contact with wall 0 2.0s 0 2.0s 
Off screen 3.5s 1.5s 2.5s 1.5s 
Table I. Duration of each display 
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Fi~re 1 Experimental displays (top - Runner. bottom - Ball) 
45 
1.2 Inter-Trial Display 
This was a dynamic, relatively abstract computer-generated colour image ('Leaves'; After 
Dark Screen Saver, Berkeley Systems Inc.) with constantly transforming elements changing. 
between blue ~d green, descqbed informally either as "shapes" or "leaves" by adults. It 
was designed to maintain the interest of the children in the experimental situati9n and hold 
attention for the display screen, without interacting with the representational arid dynamic 
information content of the experimental displays. 
2. Piloting 
There is little literature evident about habituation/recovery procedures with this age group 
or with autistic children. The use of this type of dynamic cartoon display also appeared to 
be novel. Piloting was therefore carried out, with one child who had autistic tendencies and 
two developmentally delayed children, of simil3{ ages and verbal abilities to the potential 
experimental groups. The results indicated that the displays were of an appropriate level 
of interest, likely to give both reliable habitUation within 6 - 10 trials and reliable recovery 
scores. However, the piloting also revealed two potential problems; 1·), restlessness and 
lack of attention of the children between trials and over the duration of the session; and 2), 
wide individual differences in duration of visual fixation per trial, the autistic child looking 
for up to around two minutes on many trials.· It was necessary for each child to see both 
sets of habituation/recovery displays within one continuous session, in view of the shortage 
of autistic children meeting the diagnostic, age and ability criteria and in view of potential 
within-participant variance between sessions in visual ftXation due to changes in state. 
The following procedures were design~ to alleviate these two problems: The inter-trial 
dynamic 'screensaver' display was introduced, and a m3ximum trial length of one minute 
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was adopted (Kellman,. Hofstein & Soares, 1987) to facilitate the habituation procedure. 
The number of novel trials was restricted to two and additional trials were no longer 
included to measure fatigue or to control for spontaneous regression (artifactual recovery 
as a result of chance variations in looking, boredom or frustration; Bertenthal, Haith & 
Campos, 1983), issues which are evaluated in the Discussion. 
3. Selection of Participants 
Staff were consulted at the specialist nursery and school facilities taking part in the' study, 
to draw up a list with the experimenter of autistic children, and of developmentally delayed 
children of similar verbal abilities to each of the-autistic children. The initial criteria were 
that the 'diagnostic' categories were likely to be correct and that each child was no older 
than 10 years. Parents were then contacted hy letter, via the establishment, for consent (see 
Appendix K), ethics approval hav_ing been obtained for the project from Plymouth Local 
Research Ethics Committee. The criterion for including the results of any child in the fmal 
data analysis was that he or she acheived a minimum age score of 13 months (i.e. a 
minimum Raw score of 7 including four of the directly tested items) for verbal 
comprehension on the Reynell Developmental Language Scale A (RDLS age score; Reynell 
& Hunt)ey, 1981), thus having a higher equivalent age score than· the proposed normal age 
of onset of causal perception of animate versus inanimate movements (Poulin-Dubois & 
Shultz, 1989). See Table 2 for a summary of the characteristics of the seven autistic and 
. ' 
seven developmentally delayed children whose results were included in the data analysis. 
All 14 children had been referred to a consultant paediatrician for developmental difficulties 
and all except one autistic child had been assessed by a pre-school multi-disciplinary 
assessment team including clinical psychologist-, consultant paediatrician, speech therapist, 
• 
47 
pre-school advisory teacher, specialist health visitor and specialist nursery staff. 
3 .I Autistic Children 
A total of 16 autistic children took part in the habituation and recovery procedure from 
whom 10 complete records were obtained. Six children did not complete the procedure due 
one or more of; failure to settle or restlessness (5 children), fixation times increasing to the 
60s cut-off after 9 habituation trials (I child), and equipment failure (1 child). A further 
three children were elimiruited due to their RDLS scores falling below the 13 month cut-off. 
The fmal seven children had all been diagnosed by a consultant paediatrician, the majority 
also having been assessed by a specialist clinical psychologist, as suffering from a disorder 
on the autistic continuum, and they were all in receipt of nursery or primary school 
provision for autistic children. In all cases, onset was before 30 months and the children 
conformed both to Rutter's 'triad' of impaired social development, delayed or deviant 
lariguage development and insistence on sameness (Rutter, 1978) and to DSM-III-R criteria. 
Classification was confirmed by an overall score ~ 33 on the Childhood Autism Rating 
Scale (CARS), above the cut-off (CARS = 30) validated for a psychiatric diagnosis of 
'autistic' (Schopler, Reichler & Renner, 1988). The scores of three children were within 
the 'mildly-moderately autistic' category ( ~ 30, < 37), the remaining scores being within 
the 'severely autistic' category(~ 37). 
Six of the children had clinically significant global cognitive. delay, including receptive and 
expressive language, indicated, in formal testing, by a specialist clinical psychologist and 
speech therapist, and by a consultant paediatrician. Three children did' not ~.!,Se words 
functionally, two children used single words functionally and one child also used up to three 
word phrases functionally; of these six children, 'four were also echolalic for words or 
phrases. One further boy was not significantly delayed in receptive or expressive language 
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but had some abnormal language usage, expressing himself in the third person (his first 
name), and had difficulties identifying and expressing gender. 
3.2 Developmentally Delayed Children 
A total of 14 developmentally delayed children took part in the habituation and recovery 
procedu~e from whom seven complete records were obtained. Seven children did not 
complete the procedure due to; failure to settle or restlessness (3 children), inattentiveness 
or sleepiness (2 children), fixation times increasing to the 60 s cut-off after 9 habituation 
trials (I child), and distraction (I child). Absence of autistic features and differential 
. . 
classification from the autistic group were confirmed by a score of < 24 (below the cut-off 
for 'autistic', < 30) on the CARS. 
The fmal seven children had all been diagnosed as having a clinically significant global 
cognitive delay, including receptive and expressive ~anguage, from formal testing by a 
specialist clinical psychologist and speech therapist, and by a consultant paediatrician. The 
causes were neurodevelopmental delay (3 children) or unkown (4 children). One child did 
not expressive himself verbally, four children used single words, one child also used 
occasional two-word phrases, and one child used grammatical phrases., 
4. Participant Matching 
Autistic and developmentally delayed children were matched pairwise on RDLS age scores 
and order of display presentation; three pairs in one order condition and four. in the other 
(see 5. below). It is now current practice to ~atch autistic and control participants on 
receptive language age scores from a test such as the RDLS which includes more complex 
·semantic and syntactical linguistic demands than simple vocabulary pointing tests (Lewis & 
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Boucher, 1988; Hobson, 1991; Morris, 1992b). If a relative 'deficit' is predicted, relative 
to other abilities, for the autistic participants from the hypothesis (as here), this procedure 
provides a conservative test, minimising Type I errors, due to the tendency of autistic 
childfen to acheive relatively reduced verbal, versus non-verbal, ability scores. 
RDLS age score (mo) 
Mean (SO) 
Range 
Autistic 
N=7 
31.3 (15.7) 
19- 66 
Chronological age (mo) 
Mean (SO) 75.4 (25.4) 
Range 50- 121 
RDLS quptient 
Mean (SO) 46.3 (28.5i 
Range 23- 101 
Dev. Delayed 
N=7 
28.4 (10.9) 
13- 48 
50.1 (16.9) 
35- 84. 
57.8 (18.6) 
37- 86 
F(1 ,5) p r . 
0.45 n.s. .81 
10.58 .023 .66 
3.83 .108 .66 
p(1tailed) 
.028 
.106 
.108 
Table 2. Means· (standard deviations). ranges. and pairwise statistics of the 
participants 
4.1 RDLS Age Scores 
There were no significant group differences in RDLS age scores (see Table 2). The mean 
scores of both groups were greater for the Runner First (M = 32.7 mo) than for the Ball 
First (M = 26.0 mo) order condition, but there was no significant effect of Order (F(l,5) 
= 0.45, n.s.), and no significant Order by Group interaction (F(1,5) = 3.01, p = .143). 
The correlation of scores between group pairs was high and significant (see Table 2). 
4.2 Chronological Age , 
The mean chronological age of the autistic group was significantly greater than that of the 
developmentally delayed group in both the Runner First and the Ball First conditions (see 
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Table 1). There was no significant effect of Order (F(1 ,5) = 0.13, n.s.), and no significant 
Group by Order interaction (F(1,5) = 0.11, n.s.). The correlation between group pairs was 
moderate and not significant (see Table 2). 
4.3 RDLS Quotient 
In view of the group diferences in age, RDLS quotients (100 x [RDLS age 
score/chronological age]) were'calculated to assess differences in developmental delay of 
verbal comprehension. Quotients were calculated rather than standard scores as· the latter 
are unreliable below -2 SD in the RDLS and are not tabulated above 84 months 
chronological age (Reynell & Huntley, 1981). However, it is important to note that such 
quotients are not tabqlated for the RDLS and are only approximately comparable between· 
age groups, as the quotient standard deviation ~aries between 18 and 28 points according 
to age; Such ·quotients are also not comparable with other quotient scores based on SD = 
15 (eg. IQ). 
The mean quotient of the autistic group was less than that of the developmentally delayed 
group, but the difference was not significant (see Table 2). This trend was stronger within 
the Runner First condition, wherel;lS the group quotients were similar within the Ball First 
condition, although there was no significant effect of Order (F(1 ,6) = 0.05, n.s.) or Order 
by Group interaction (F(1,5) = 3.62, p = .115). The correlation between group pairs was 
moderate and not significant (see Table 2). 
4.4 Gender 
No attempt was made to match children by sex. There was the expected minority of girls 
within both groups, there being two autistic girls and one developmentally delayed girl 
within the Runner First condition (one matched pair), and two developnientally delayed girls 
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within the BaU First condition. 
5. Apparatus and Procedure for the Habituation/Recovery Displays · 
The children viewed the displays in a room in the nursery or school. Each child sat on the 
lap of a caregiver familiar to him or her (nursery staff, teacher or classroom assistant), 
within an approximately 200 x 200 x 200 cm area. The child was 130 cm distance from 
a 26 x 20 cm VDU computer monitor, placed at the child's eye level on a table at one apex 
of the triangle, the opposite 'side' of the triangle being open to the door and rear wall of 
the room. Two brown corrugated 260 X 160 cm card sheets were 'concertirul'-folded, each 
to form a 200 cm x 160 cm high side panel and a 46 cm front panel.in the plane of the 
VDU display screen. A further folded 200 x 160 cm corrugated card panel was placed 
immediately behind the VDU monitor. This portable arrangement provided a homogeneous 
cubicle that occluded the experimental room from the child's view. The level of daylight 
in the room was reduced to a minimal level by blackout over the windows and low-level . 
illumiriation was provided from a 40 W bulb in a diffuse reflector behind one side screen 
and aimed at the ceiling. 
The experimenter operated the displays by computer keyboard-from behind one of the side 
screens. The display VDU screen was viewed by him, when changing the displays, through 
a 14 x 2 crri horizontal slit in the side panel near the VDU screen, unobserved by the child. 
The direction of the child's visual fixation was monitored by a Panasonic Xl6 Camcorder 
with low Light functioning, the lens of the Camcorder being placed at the child's eye level, 
5 cm behind a 9 x 8 cm aperture in the front panel of one of the side screens and 16 cm 
from one edge of the display VDU screen. The Camcorder drove an additional20 x 14 cm 
VDU screen for real-time monitoring by the experimenter (behind the side screens) of the 
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child's visual fixation, which was timed using an electronic stopwatch. 
Each child viewed both display sets, the order of the sets being counterbalanced so that 
three pairs of children saw the Ball first and the Runner second, and four pairs saw the sets 
in the reverse order. Analysis of unweighted means was used t~ give equal 'weight to the 
two conditions (see Appendix E). The overall duration of the session varied between 
children, lasting usually 8 - 15 min, occasionally up· to 20 min due to a child control 
procedure being used (Cohen & Gelber, 1975): When the child was observed to be settled 
and to orient towards the 'screensaver' display, the experimental display was started, 
commencing a trial. When the child looked away from the display for two seconds or 
more, or after a maximum cumulative fixation time ·Of 60s, the trial was then ended when 
the target image (Runner or Ball) moved 'off screen', the inter-trial screen-saver display 
being re-started. The cumulative fixation time was noted, the habituation criterion 
calculated and, as necessary, the display changed between habituation and novel trials (the 
latter procedure added approximately 1 s to the total inter-trial period between habituation 
and novel trials). The inter-trial period lasted usually 15 - 25 s, the upper limit depending 
on the child again being settled and oriented towards the display screen. 
After the first three trials, the mean cumulative trial fixation time was calculated. For this 
purpose only, 'first trial' was defmed as the first trial to accumulate a fixation time of at 
least 10s, to ensure that the child had the opportunity to see the 'rebound' event in the 
display. The trials then continued until the habituation criterion was reached, this 
constituting cumulative fixation times of at least 0.5s less than the mean on each of three 
consecutive trials, following the procedure of Leslie & Keeble (1987) for dynamic event· 
displays of this nature. Thus each child had a minimum of six trials. 
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Visual fixation was re-assessed. from the videotape by the experimenter and also, 
independently, by a second 9bserver who was blind to the experimental displays and group 
membership of the children. The experimenter's re-scored flXation times were used in the 
calculations. The correlations between the real-time measurements and the experimenter's 
re-scored timings, and between the experimenter's and the observer's re-scored timings, 
were all very high, r(30) ~ .99, for both groups of children. The observations ~ere from 
either five autistic or ftve developmentally delayed children (randomly selected), scoring the 
ftrst two habitUation, last two habituation and the two novel trials, over the frrst display set. 
The mean recorded fiXation times were M= 17.9 s (real-time), M= 17.4 s (experimenter 
re-score) and M = 18.5 (observer re-score) for the five autistic children, and M = 19.5 s, · 
M = 19.4 s and M = 20.1 s, respectively, for the developmentally delayed children. Such 
high reliability correlations in a child-control procedure may be sometimes be a artefactual 
consequence of the experimenter having curtailed some of the trials, when this was assessed 
frQm videotape, yet not being able t~ time how long the trial would have lasted if allowed 
to run. In this case, no instances of curtailment were reported for the ·60 re-scored 
' 
observations. 
6. Verbal Tests 
6.1 Reynell Developmental Language Scales, Verbal Comprehension Test A (RDLS; 
Appendix A) 
This was administered within six weeks of the experimental displays, seven of the childen 
being tested by a speech therapist, the remainder by the author. The standard test protocol 
was followed (Reynell & Huntley, 1981). 
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6.2 Identification Test (Appendix B) 
This test was administered to all the develop mentally delayed and six of the autistic children 
up to one week after· the experimental. trials. The remaining autistic child spontaneously 
. . 
named the displays during the trial; "ball" and "boy". The identification test was a pointing 
test for comprehe~sion of an appropriate verbal label for these t,wo images; "ball" and 
"boy". The protocol and materials were based on the Peabody Picture Vocabulary Test 
(PPVT; Dunn & Dunn, 1981),_ which consists of a developmental sequence of sets of four 
black and white line drawings. One drawing of each set (or each of the'four drawings, in 
the case of the Training Plates) represents a target word named by the examiner. The ~hild 
was shown PPVT Training Plate A and asked to "Put your fmger on the doll". If there was 
no appropriate response, the child's finger was gently placed on the picture of the doll after 
repeating the request, the experimenter saying "There's the doll". This procedure was 
repeated for each of the four pictures in the Training Plate, the child's responses being 
noted. Training Plate 8 was now used as a test plate by placing a line drawing of the 
'boy', from the experimental Runner display as a substitute for the 'man' depicted in the 
plate, it being assumed that 'man' was of a similar developmental level of difficulty to 
'boy'. The child was asked "Now put your fmger on the boy". Finally, identification of 
the 'ball' in Plate 2 was tested, as per the PPVT protocol. This was made a conservative 
test for recognition of the two-dimensional experimental Ball display, by obscuring the 
internal, three-dimensional, detail in the PPVT line drawing to retain the outline only. 
7. Care giver Rating Scales 
' 
These were all adminstered by semi-structured interview, in one session, to the member of . 
staff in each establishment who worked .most closely with the child. 
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7.1 Childhood Autism Rating Scale (CARS;· Appendix C) 
This scale was administered as described in the Manual (Schopler, Reichler & Renner, 
. ' 
1988). 
7.2 Pretend Play and Shared Attention 
The presence or absence of pretend play was tested using Item 5 from Section A of the 
CHAT Scale proposed for early identification of autism, (Baron-Coheli, Allen & Gillberg, 
1992), adapted for administration to staff rather than to parents: "Does (John) ever pretend, 
for example, to make a cup of tea using a toycup and teapot, or pretend other things?". 
Shared attention was assessed using Items 7 and 9 from Section A of the CHAT, similarly 
adapted: "Does (John) ever use his index finger to point, to indicate interest in something?"; 
"Does (John) ever bring objects over to you, to show you something?". The responses 
(yes/no) to Items 7 & 9 were analysed separately, and also together as equally weighted 
items on a three-point scale. 
7.3 Early Social Behaviours (Socialisation; Appendix D) 
These were assessed using Items 6, 7, 8, 9, 11, 13, & 14 from the Socialization Domain 
of the Vineland Adaptive Behaviour Scales (Sparrow, Balla & Cicchetti, 1984), scored, as 
described in the Manual, as 'usually performed' /'sometimes or partially performed' /'never 
performed' to give an item score of 2/110 and a total score range of 0- 14 for the seven 
unweighted items. These items were selected on the criteria· of having a median age norm 
of no greater than 8 months (in the original standardisation sample), of having an 
unambigous content validity for social behaviours, and of a dichotomous score = 2 (versus 
score = 110) being obtained significantly less frequently by the autistic children than by 
matChed learning disabled children in the study of Klin, Volkmar & Sparrow (1992). 
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CHAPTER 3. RESULTS 
1. Descriptions of the Variables and Methods of Analysis 
The primary variables, their .. descriptive statistical properties, the methods of analysis and 
the implications of the descriptive statistics for the reliability of the conclusions drawn from 
the analyses, are all fully discussed in Appendix E. 
In summary, ·it was considered, where parametric analyses such as ANOV A and partial 
correlation/multiple regression were applied, that the few signifiant deviations from 
normality or homogeneity of variance were not sufficiently numerous or extreme to 'Yeaken 
the reported significance levels, taking account of the robustness of the tests and the 
directions of the relevant 'outliers' in the data (the latter being mostly biased agilinst the 
experimental predictions) .. In the cases of a minority of the secondary (transformed or 
control) variables, there were significant deviations from normality and/or homogeneity of . 
variance which may have affected the reported significance levels, taking account of unequal 
~d small cell sizes. These are discussed, as they occurred, in the main body of the 
Results. 
I 
2 Differences in Total Fixation Times During Habituation 
2.1 Group and Display Differences . 
Prediction 5 stated that the autistic children will have lower total fixation times than the 
developmentally delayed children for both displays. Prediction 6 stated that the autistic 
children will have increased total fixation tim~s for the Ball compared with the Runner 
display, relative to the developmentally delayed children .. 
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Figure 2 Time course of individual habituation and novel trials. Qy_group and display 
58 
The time course of habituation (Figure 2) and the mean total durations of ftxation (see 
Figure 3 & Table 3) indicate that the autistic children had consistently longer fixation times 
for the Ball than for the Runner, with the developmentally delayed children consistently 
having the reverse pattern (Display by Group interaction) , consistent with Prediction 6. 
However, the means for the total fixation times during habituation were in the reverse order 
from that predicted (Prediction 5), the autistic children looking for longer durations than the 
developmentally delayed children. 
Group 
Display 
Total mean fixation (s) 
Mean 
(Standard deviation) 
Range 
Autistic (N = 7) 
Runner 
145.7 
(122.1) 
49-370 
Ball 
182.0 
(126.1) 
60-426 
Dev. Delayed (N = 7) 
Runner 
152.5 
(67 .1) 
89-294 
Ball 
109.7 
(46.9) 
59-181 
Table 3 . Means (standard deviations) and ran~es of the total durations of fixation 
durin~ habitutation, by ~oup and display 
The signiftcances of these differences were tested, entering total fixation times into a 2 x 
2 x 2 (Order x Display x Group) mixed design ANOVA, with Display entered as a repeated 
measure variable and Group entered as a related pairs variable (see Appendix F for 
summary table) . The Display by Group interaction was not significant (F(l ,5) = 3.63, p 
= .115) . However, a Display simple effects analysis for Group showed that the autistic 
children had significantly longer fixation times for the Ball compared with the Runner, 
consistent with the prediction (F(1 ,5) = 9.26, p = .029) , although there was no significant 
difference in fixation times between the displays for the developmentally delayed children 
(F(1 ,5) = 1.66, n.s.) . The main effect of Group was not significant (F(1 ,5) = 0.32, n.s.) , 
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Figure 3 Mean total durations of fixation during habituation. Qy_group and display 
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and similarly a Group simple effects analysis for Display did not reveal significant 
differences between the groups (Runner; F(l,5) = 0.00, n.s.: Ball; F(l,5) = 1.48, n.s.). 
In summary, Prediction 6 was partially supported. The autistic children tended to look 
longer at the Ball than at the Runner display, compared' with the opposite tendency of the 
developmentally delayed children but the predicted overall group by display interaction did 
not reach significance. However, the autistic children looked significantly longer at the Ball 
than at the Runner, consistent with the prediction. Prediction 5 was not supported, as the 
autistic children looked longer at the displays, taken together, than the developmentally 
delayed children, contrary to prediction, but this tendency was not significant. 
2.2 Order and 'Carry-over' Effects 
Prediction 10 stated that both groups of children will have shorter durations of ftxation (and 
recovery) for both displays when seen second rather than first. 
Consistent with Prediction 10, the children spent more time looking at both displays, 
considered together, if presented frrst rather than second (First display, M = 168.3 s; 
Second display, M = 130.6 s) and this Order by Display interaction was significant (F( 1 ,5) 
= 21.12, p = .006); thus there was an apparent fatigue effect. The autistic children 
appeared to to have a lesser 'fatigue' effect than the developmentally children, their mean 
fixation time for the second display being 92% of that for the first display, compared with 
62% for the developmentally delayed children,. but this Order by Display by ·Group 
interaction was not significant (F(l ,5) = 1.56, n.s.). However, due to the combined effect 
of their low fatigue effect and theii significantly longer ftxattion times for the Ball than for 
' 
the Runner, the fixation times of the autistic children increased, rather than decreased, 
between first and second displays when the Ball was seen second. 
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For either group, it was possible that which display was seen first affected their degree of 
fatigue on seeing the second display. For instance, the children might be 'disappointed' by 
the Ball after seeing the Runner, but not vice versa; they would then be expected to look 
at the Ball-Runner sequence for a shorter duration than the Runner-Ball sequence 
(differential 'carry-over'). The absence of a main effect of Order (F(l.5) = 0.40, n.s.) 
indicates that there was no differential carry-over shared by the groups and there was no 
difference between groups (no significant Order x Group interaction; F(l ,5) = 0.02, n.s.). 
In summary, Prediction 10 was supported, as both groups had significantly shorter fixation 
times for the second display. 
2.3 Group differences in Variance and Consistency of the Total Fixation Times 
Table 3 shows that the autistic children had a greater variability than the developmentally 
delayed children in fixation times for both displays, as indicated by the ranges and standard 
deviations of their fixation times. The group differences in variance were significant for 
the Ball (t(5) = 2.60, p < .05, two-tailed test) but not for the Runner (t(5) = 1.64, p > 
.10, two-tailed test). 
It was also found that the autistic children's fixation times for the Runner and the Ball were 
strongly correlated with each other (r(7) = .96, p < .001, two tailed test), unlike the 
developmentally delayed children (r(7) = -.25, n.s.). This group difference in correlation 
was significant (z,. = 3.17, p < .002; two tailed test). A portion of the difference in . 
correlation between the two groups may be artefactual, due simply to the greater variance 
· in the autistic c~ildren's fixation times. 
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2.4 Conclusions· 
Although, contrary to Prediction 6, the Display by Group interaction was not significant (p 
. . 
= .115), the autistic childre~ looked significantly longer at the Ball compared with the 
Runner (2.1), which is consonant with prediction. The autistic children did not have shorter 
fixation times than the developmentally delayed children, contrary to Prediction 5. 
There was a' significant 'fatigue' effect for the second display, consistent with Prediction 10. 
The fatigue effect was less for the autistic than for the developmentally delayed children, . 
but the difference was not significant. The relatively low fatigue effect of the autistic 
children and their significant preference for the Ball, resulted in an increase in fixation by 
them when this was presented as the second display. There was no evidence for any 
differential carry-over effect between the two displays (2.2). 
The autistic children had a wider variance in fixation times than the developmentally delayed 
children, significant for the Ball display. The autistic children were also significantly more 
consistent in their ftxation times between the two habituation displays, although this may 
partly be artefactual, due to their greater variance in fixation times (2.3) .. 
3. Habituation 
3.1 Rate of Habituation; Number of Trials to Criterion 
Prediction 8 stated that there will be no differences between the groups in number of trials 
to habituation criterion, for either display. 
Consistent with the prediction, there were no differences in the number of trials to 
habituation criterion either between groups for the same display or between displays within 
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the same group (see Figure 4: z ~ .41, n.s., two tailed Wilcoxon signed ranks tests) .. The 
majority of both groups reached criterion for both displays within eight trials and many 
within the minimum of six, the remainder taking up to 12 or, in the case of one autistic 
child viewing the Runner display, 15 trials. 
3.2 Time Course of Habituation 
Figure 2 shows a generally smooth 'monotonic' continuous decrease in trial fixation times 
for both groups aild displays. Differences in fixation times between groups and displays by 
trials were therefore analysed in blocks of two trials; First trials and Last trials. 
3.3. Fixation Times during Habituation by Trial Blocks 
Figure 5 shows the mean fixation times on First and Last habituation trials. The primary 
results were analysed by 2 x 2 x 2 x 2 (Order by Display by Trials by Group) mixed design 
ANOVA, with Trials and Display entered as repeated measures variables, and Group 
entere4 as a related pairs variable (see Appendix G for summary table). 
Differences between Groups and Displays: 
There were no significant main effects of either Group (F(l,5) = 0.65, n.s.) or Display 
I (F(l,5) = 0.02, n.s.). 
·Consistent with the predicted group and display differences reported above in Total fixation 
times, the autistic children had longer fuation times for the Ball relative to the Runner, on 
First and Last trials combined, and this was significant whe~ compared with the opposite 
tendency of the developmentally delayed children (Display x Group interaction; F(l ,5) = 
7 .38, p = .042). The strength of the interaction depended on whether First or the Last 
trials were considered, although this effect was of borderline significans;e (Trials x Display 
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x Group interaction; F(l ,5) = 5.50, p = .066). 
First Trials Block: 
A Display by Group interaction effects analysis for Trials showed that, during the First 
trials, the autistic children had significantly longer fixation times for the Ball relative to the 
Runner when compared with. the developmentally delayed children, as predicted (See Figure 
5: Display x Group interaction; F( 1 ,5) = 9 .20, p = .029). However, a Display simple 
effects analysis for Trials and Group did not reveal significant differences in fixation times 
between the two displays during the First trials for either the autistic (F(l ,5) = 3.97, p = 
.103) or the developmentally delayed children (F( 1 ,5) = 1.57, p = .266). Similarly, a 
Group simple effects analysis for Trials and Display failed to reveal significant differences 
in fixation times between the two groups for either the Runner (F( 1 ,5) = 0.03, n.s.) or the 
Ball (F(l,5) = 4.01, p = .102, n.s.). 
Last Trials Block: 
The Display by Group interaction effects analysis for Trials did not indicate any significant 
differences in fixation times during the Last trials block (See Figure 5: Group x Display 
interaction, F(l,5) = 2.07, p = .210), although the developmentally delayed children's 
mean fixation time for the Ball was around halfthat for the other three conditions (see Table 
' . . 
4, p. 70) .. A simple Display effects analysis for Trials and Group confirmed that the 
developmentally delayed children had significantly shorter fixation times for the Ball relative 
to the Runner (F(l,5) = 10.92, p = .021), whereas there was no significant effect of 
Display for the autistic children (F(l ,5) = 0.15). A simple Group effects analysis for 
Trials and Display did not show any significant differences between the groups in fixation 
times for either display (Runner; F(l,5) = 0.04, n.s.: Ball; F(l,5) = 1.69, p = .250). 
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3.4 Group and Display Differences in Magnitude of Habituation 
There were no significant differences between the displays, across the two groups, in 
magnitude of habituation (decrease in fixation times from First to Last trials: Trials x 
Display interaction, F(1,5) = 0.29, n.s.) .. The Trials by Display by Group interaction (p 
= .066) outlined earlier (Section 3.3, p. 65) was analysed for differences in habituation 
between both groups and displays. A Trials by Display interaction effects analysis for 
Groups, showed that the fixation times of the autistic children decreased more for the Ball 
than for the Runner (Trials x Display interaction, F(1 ,5) = 15.17, p = .011). The fiXation 
times of the developmentally delayed children were not significantly different between the 
displays (Trials x Display interaction, F(1,5) = 0.42, n.s.). 
3.5 Reliability of Habituation 
Prediction 7stated that both groups of children will habituate to both displays. 
Due to the. above interactions, it cannot be reliably concluded from the expected main 
effects of Trials (F(1,5) = 42.46, p = .001) and the absence of a significant Group by 
Trials interaction (F(l ,5) = 0.50, n.s.), th!tt both groups habituated reliably to both 
displays. However, individual paired t-tests confirmed that the decreases in fixation times 
from First to Last trials were significant for both displays and groups, as predicted (Autistic: 
Runner, t(6) = 3.73, p = .005; Ball, t(6) = 4.28, p < .003; Dev. Delayed: Runner,t(6) 
= 3.06, p = .011; Ball, t(6) = 4.68, p < .002; one-tailed tests). 
3.6 Order Effects and Carryover between Display Presentations 
The Trials by Display by Group interaction (Section 3.3) depended on the order of display 
. presentation, an effect of borderline significance (Order x Trials x Display x Group 
interaction, F(l ,5) = 6.04, p = .057). This was primarily due to the developmentally 
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delayed children tending to habituate more to the first ~isplay compared with. the second, 
relative to the autistic children. 
ln contrast to the developmentally delayed children,· the autistic children habituated more 
to the Ball when it was presented second than when presented first, which is also the 
opposite pattern to their own fixation times for the Runner (this being similar to that of the 
developmentally delayed children). If this effect is significant, it may be due to the autistic 
childen having a combination of increased ftxation times for. the Ball (versus the Runner) 
and a lesser fatigue effect, when compared with the developmentally delayed children, 
which may have resulted in relatively enhanced fixation times for the Ball, as second 
display, during the first trial block. 
The presence of such a group difference in interaction pattern has support from a Trials by 
DiSJ)Iay by Group interaction effects analysis for Order. The interaction was significant for 
the Runner First/Ball Second condition (F(l,2) = 10.33, p = .049) but not for the Ball 
First/Runner Second condition (F( I, I) = 0.01, n.s.). There is also limited support from 
the Order by Group by Trials by Display interaction effects analysis for Group. This failed 
to reveal an interaction for .the autistic children (F(1,5) = 0.06, p = .815}, unlike the 
developmentally delayed children, although the latter effect did not reach significance 
(F(l,5) = 4.61, p = .085). 
There were no significant carryover effects between display presentations for either Fi{st or 
Last trials, groups or displays, as indicated by the lack of further significant order effects: 
Order (F(l,5) = 0.42); Order xTrials (F(l,5) = 1.68); Order x Group (F(1,5) = .21); 
Order x Trials.x Group (F(I,5) = 0.05); Order x Group x Display (F(l,5) = 0.60). 
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3. 7 Group differences in Variance and Consistency of the Fixation Times during 
First and Last Habituation Trial Blocks 
The autistic children had significantly greater variance than the developmentally delayed 
children in their Last trials fixation times for both displays (See Table 4: Runner; t(5) = 
6.95, p < .001: Ball; t(5) = 6.17, p < .01 ; two-tailed tests) , but there were no significant 
group differences in variance for the First trials (Runner; t(5) = 0.25, p > .20: Ball; t(5) 
= 2.49, p > .05 ; two-tailed tests) . 
Group Autistic (N = 7) 
Display Runner 
First Trials mean fixation (s) 
~ean 58.3 
(Standard deviation) (41.5) 
Range 13-130 
Last Trials mean fixation (s) 
~ean 
(Standard deviation) 
Range 
19.3 
(20.2) 
5.7-64 
Ball 
77.3 
(46.5) 
28-135 
21.2 
(22.0) 
3.0-64 
Dev. Delayed (N = 7) 
Runner 
62.3 
(37 .0) 
27-126 
20.0 
(4.7) 
12-25 
Ball 
40.4 
(18.4) 
24-72 
10.6 
(4.7) 
4 .5-18 
Table 4 ~eans (standard deviations) and ran~es of the durations of fixation 
durin~ first and last habitutation trial blocks, by ~oup and display 
The autistic children were significantly consistent, as indicated by a strong significant 
correlation, in their First trials fixation times between the Ball and the Runner displays (r(7) 
= .82, p = .022, two-tailed test), in contrast to the developmentally delayed children (r(7) 
= -.28, n.s.). There were no significant correlations, for either group, for the Last trials 
(Autistic; r(7) = .47, p = .286, two-tailed test: Developmentally Delayed; r(7) = -.026, 
n.s.). 
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3.8 Conclusions 
Both groups habituated reliably to both displays (3.5), consistent with Prediction 7, 
following· a smooth 'monotonic' decline in fixation times over individual trials (3.2) .. 
Consistent with Prediction 8, there were no significant differences in number of trials to 
habituation criterion, with the majority of children habituating within eight trials (3. I) .. The 
autistic children's fixation times decreased significantly more for the Ball than for the 
Runner, whereas there was no difference between the displays for the developmentally 
delayed children (3.4). The autistic children also tended to habituate more to the Ball when 
it was presented second, although there were no 'fatigue' effects evident when. considering 
the First and Last trials (3.6). 
The greater magnitude of habituation of the autistic children for the Ball and their tendency 
to habitutate to the Ball more when it was the second display may be related to their 
relatively enhanced ftxation times for the Ball, when presented second, during the First 
trials: There was a significant interaction between Display and Group· with the autistic 
children tending to have greater ftxation times for the Ball relative to.the Runner, compared 
with the developmentally delayed children, but no significant Display or Group simple 
effects were evident (3.3). During the Last trials, there was no significant Display by 
Group interaction, but the developmentally delayed children had significantly shorter 
ftxation times for the Ball relative to the Runner (3.3) . 
. The autistic children had greater variance in their fixation times than the developmentally 
delayed children during the last trials. The autistic children were also more consistent in 
their fixation times between the two displays, although this may be partly an artefact of their 
greater variance in fixation times (3. 7). 
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4. Group Differences in Response to the Novel Displays 
4.1 Group & Display Differences in Duration of Fixation for the two Novel Trial_s 
Figure 2 (p: 58) shows that fixation times decreased between the first and second novel trial 
for the autistic children and for the developmentally delayed children looking at the novel 
Runner display, in contrast to the fixation times increasing for the developmentally delayed 
children ·Jooking at the novel Ball display. However, this Trials by Display by Group 
interaction was not significant when the fixation times were entered into a 2 x 2 x 2 x 2 
(Order x Trials x Display x Group) mixed design ANOVA, with Trials and Display entered 
as repeated measures variables and Group entered as~ related pairs variable (F(l ,5) = 3.57, 
p ~ .117; see Appendix H for summary table). Similarly, a Trials by Display interaction 
effects analysis for Groups did not reveal any such significant interaction for the 
developmentally delayed children (F(I,5) = 2.86, p = .151) or for the autistic children 
(F(1 ,5) = 0. 73, n.s.). There were no other significant main effects or interactions (p ::> 
.10). 
As there was no significant effect of Trial (F(1,5) = 3.55, p = .118), and there were no 
other significant frrst, second or third order Trials interactions (F(l ,5) ~ 3.28, p ~ .130), 
analysis now considered both novel trials together as a block. 
5.2 Reliability of Recovery & Individual Differences 
Prediction 9 stated that both groups of children will recover to the novel displays following 
habituation. 
The Constant effect was significant in the ANOV A for the Recovery scores (Novel minus 
Last trials fixation times; F(l,5) = 39.95, p = .001) and as there were no significant 
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interactions, this indicates that Recovery was reliable between Order, Display and Group, 
as predicted. This conclusion was confirmed for each Group and Display by paired t-tests: 
Autistic; Runner, t(6) = 2.27, p = .032; Ball, t(6) = 2.32, p = .030: Developmentally 
Delayed; Runner, t(6) = 2.39, p = .027; Ball, t(6) = 3.34, p = .008; one-tailed tests). 
Not all participants recovered their fixation times to both displays, when this . was 
' / (arbitrarily) defined as an increase in fixation time from Last habituation trial block to 
Novel trial block of at least 20 percent. One autistic child failed to recover to either 
display, another autistic child failed to recover to the novel Ball display when presented as 
the second display and one developmentally delayed child failed to recover to the same 
display when presented first. 
4.3 Group & Display Differences in Recovery for the Novel Trials Block 
Prediction 1 stated that the autistic children will ha~e lower recovery scores for the novel 
Ball display than the developmentally delayed children. Prediction 2 stated that the autistic 
children will have lower recovery scores for the novel Ball display compared with recovery 
to the novel Runner display, than the developmentally delayed children. Prediction 10 
stated that both groups will have lower recovery scores for both novel displays when seen 
second, after a preceding novel display. 
Figure 6 shows that the autistic children had lower Recovery scores for both displays than 
the developmentally delayed children, consistent with Prediction I. Also, their Recovery 
scores for the Ball were less than those for the Runner, unlike the developmentally delayed 
children whose scores were similar for both displays, consistent with Prediction 2. The 
significances_ of these effects were tested by entering Recovery scores into· a 2 x 2 x 2 
(Order by Display by Group) mixed design ANOVA, with Display entered as a repeated 
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measure variable and Group entered as a related pairs variable (see Appendix I for summary 
table). There were no significant main effects or interactions (F(l .~) "'S 3.58, p > .10). 
A planned Group simple effect analysis for the Ball Display (Prediction 1) similarly did not 
reveal a significant difference in mean Recovery between the groups (F( 1 ,5) = 1.58, p = 
.264). Thus, none of the three predictions were confirmed by this analysis. 
The predicted interactions during habituation in fixation times between groups and displays 
make it difficult to interpret the absence of significant differences in Recovery scores, as 
anticipated. The following analyses are concerned with elucidating whether this lack of 
statistical significance in the predicted score differences is 'real', or whether it is rather due 
to differences between the groups, and between individ_t!als, in overall relative interest for 
the displays, as indicated by differences in their fixation times during habituation. ln 
particular, the autistic children had a relatively high 'interest' for the Ball display during 
habituation, so their predicted relatively reduced recovery to the Ball may be confounded 
with their generally enhanced interest for this display. Similarly, the relatively enhanced 
'interest' of the developmentally delayed children for the Runner display is in the contrary 
drrection to the predicted recovery differences. 
4.4. Relationship between Recovery Scores and Fixation Times during Habituation; 
Adjustment of Recovery Scores 
It was hypothesised that Recovery was related both to the child's representation of the 
novelty per se and to his or her state during the preceding habituation trials (i.e. the general 
. ' . 
level of 'interest' for the habituation display), as the novel display was identical to the 
habitUation display in every respect except the time delay in rebound. 
Positive correlations between Recovery and ftxation times during habituation would be taken 
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as support for the hypothesis and enable Recovery scores to be adjusted for fixation times 
during habituation. Such correlations were· found, being stronger for Total than for First 
trial fixation times (Total; Runner, r0~. 2 = .85; Ball, ro1.2 = .89: First Trials; Runrier, rou 
= .64; Ball, r0u = .42: Pooled within-groups partial correlation coefficients, partialling out 
Order of display presentation). Partial regresssion plots for each group, controlling for 
Order, indicate an approximately linear relationship between residual Recovery scores and 
Total fixation times (see Appendix J ). 
Group differences in the novelty element of recovery could now be tested by analysing 
Recovery scores seperately by Group for each display, after partialli.ilg out Total fixation 
times and Order. 
4.5 Group Differences in Recovery to each Display, controlling for Total Fixation· 
Times and Order 
Recovery to the Novel Ball display: 
Prediction 1 stated that the autistic children will have lower recovery scores for the novel 
Ball display than the developmentally delayed children. 
As predicted, Group was significantly correlated with Recovery to the novel Ball display, 
after partialling out Order and Total fixation times (r01 23pb = .50, t(lO) = 1.83, p = .049, 
one tailed test), the developmentally delayed children having the greater residual Recovery 
scores. The residual scores are the differences between the observed and the predicted 
scores, the predicted scores being calculated in the multiple regression equation from each 
child's Total fixation time and Order of display. The significance of the effect was 
confirmed by t-test for the Group difference in mean residual scores (see Figure 7; t(l2) = 
1.79, p = .050, one tailed t<?st). The reliability of this result is supporte~ by the adherence 
76 
• 
MHn Realdual ReoDWry (e) 
15~--------------------------------. 
10 
5 
-5 
Residual recovery = Observed minus 
predicted recovery scores. 
-10 Predicted recovery = Recovery score 
predicted from Total fixation times 
during habituation and Order of display. 
-15+-----------.----------.--------~ 
20 
16 
10 
5 
Figure 7 
Ball Runner 
-a- Autletlo ~ Dev. Delayed 
Dev. Del. - Autlatlc Recovery Scores (a) 
Ball Runner 
-Observed ~Predicted 
Mean recovery to novel displays. Qy_group and display. partialling out 
duration of fixation during habituation and order of display presentation 
77 
of the data to the parametric assumptions of the analysis; 1), the lack of signifi~ant deviation 
from normality of the residual scores (Skewness = .84, z = 1.408, p = .139; Kurtosis = 
.03, z = 0.023, p = .980, two tailed tests); and 2), the homogeneity of variance in the 
residual scores by Group (Bartlett-Box F(1,432) = 1.01, p = .317). 
Recovery to the Novel Runner display: 
Group was not significantly correlated with Recovery for the Runner, after entering Order 
and Total fixation times (r0~, 23pb = .11, t(IO) = 0.73, n.s.). 
Group and Display differences in residual Recovery scores: 
Prediction 2 stated that the autistic children will have lower recovery scores for the novel 
Ball display compared with recovery to the novel Runner display, than the developmentally 
delayed children. 
Residual Recovery scores (observed minus predicted Recovery scores, as outlined) were 
analysed by both Group and Display for the predicted Group by Display interaction. Order 
effects had been controlled for in the multiple regression, so residual scores were compared 
by t-test. The Group mean display difference scores (i.e. the means of individual Runner 
minus Ball residual Recovery scores) were compared, and the Group by Display interaction 
revealed was significant (t(12) = 1.83, p = .046, one tailed test, see Figure 7). Consistent 
with Prediction 2, the developmentally delayed children had greater residual Recovery 
scores for the Ball than for the Runner, when compared with the autistic children. 
The residual display . difference scores. did not deviate significantly from normality 
(Skewness = -,23, z = 0.39, p = .69; Kurtosis = .48, z = 0.42, p = .68, two tailed 
tests) and were not significantly heterogeneous by Group (Bartlett-Box F(l ,432) = 0.06, 
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n.s.). 
;4.6 Conclusions 
Both groups recovered their fixation reliably to both novel displays (i.e. Display + Delay), 
consistent with Prediction 9, although one developmentally delayed and two autistic children 
did not recover their fixation to either one or both of the novel displays (4.2). There was 
a non-significant tendency for the developmentally delayed children to maintain their 
Recovery to the novel Ball display over the two novel trials, unlike the decrease found for 
the Runner, and with the autistic children for both displays (4.1). 
Considering the two novel trials as a block, the developmentally delayed children recovered 
significantly more to the Ball display than did the autistic children, consistent: with 
Prediction 1, when the positive correlation between Recovery and Total fixation times 
during habituatipn was partialled out. ln contrast; there was no significant difference 
between the groups for Recovery to the Runner, about which no prediction had been made. 
Consistent with Prediction 2, there was a Group by Display interaction between the residual 
Recovery scores (observed minus predicted scores, when scores were predicted from Order 
and Totalfixation times in the multiple regression}, the developmentaUy delayed children 
having a stronger residual Recovery towards to Ball relative to the Runner, compared with 
the autistic children ( 4 .4 & 4. 5). There was no tendency for the children to recover less 
to the second novel display, contrary to Prediction 10 (4.5). 
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5. Group and Individual Differences in Early Social Behaviours: Relationship with 
Group Differences in Recovery 
5. I Group and Individual Differences in Socialisation Scores· 
Prediction 3A stated that the autistic children will have lower scores than the 
developmentally delayed children on the 7-item .Socialisation scale. 
As predicted, the autistic children had significantly lower Socialisation scores than the 
developmentally delayed children, (see Figure 8; Wilcoxon matched pairs signed rank test, 
T(7) = I, p = .OI6, one tailed test). When the scores were dichotomised (0~7/8-I4), a 
strong and significant association with group membership was found (see Table 5). 
Strength of association' p (two tailedi 
Socialisation (0/ L) .87 < .005 
Joint attention 
Pointing (Oil) 1.00 < .OOL 
Showing (0/ 1) .7I .029 
Total score (0/ I /2) .93 < .003 
Pretend play (0/ 1) .. 32 n:s. 
Display Identification 
Runner (Oil) .29 n.s. 
Ball (0/1) .63 .070 
Both displays (0/ I) .43 n.s. 
Table 5 Associations between Group membership (Autistic = L Dey Delayed 
= 2). Social Behaviours (caregiver report) or Identification of the · 
dynamic Displays (Runner/Balll 
I 
1 Phi, or Crarner's V (Joint attention, total score) 
2 Fisher's exact test, or Chi-square (Joint attention, total 
score). 
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Number of Children 
3 
2 
1 
0 
1 
Figure 8 
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12 13 14 
Only one autistic child 'Show(ed) anticipation of being picked up by a caregiver' (Item 6), 
only two 'Show(ed) interest in children ... other than siblings' (Item 8) or 'Play(ed) very 
simple interaction games with others' (Item 11) and none of them 'Show(ed) an interest in 
activities of others' (Item 13). None of these items were scored as 'Yes, usually' (2 points) 
for any of the autistic children. However, between four and five autistic children obtained 
at least one point for 'Shows affection .. ' (Item 7), 'Reaches for familiar person' (Item 9) 
or 'Imitates simple adult movements .. '(Item 14). 
Only one of the developmentally delayed children 'failed' any item or obtained a score as 
low as any of the autistic children. This child 'failed' on three items; Item 6 (anticipation 
of being picked up), Item 8 (showing interest in other children) and Item 11 (playing very 
simple interaction games). 
5.2 Association between Socialisation Scores and Recovery to the Novel Displays 
' Prediction 3B stated that Socialisation scores will be associated with Recovery scores for 
the novel. Ball display and with Recovery score differences between the displays. 
As predicted, for all 14 children, those with greater Socialisation scores ( > 7) had greater 
mean residual Recovery scores for the Ball display than those with lower scores (M = 4.4 
s versus M = -3.3 s), but this difference was not significant (t(12) = 0.47, n.s.). 
Prediction 3B was, however, supported by the significant tendency of the children with the 
greater Socialisation scores to have greater mean residual Recovery scores for the Ball 
compared with the Runner (M= 13.4 s versus M = -10.0 s; t(l2) = 2.32, p = .019, one 
tailed test). 
Within the autistic grqup, raw Socialisation scores were weakly, and non-significantly, 
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associated with residual Recovery scores for the Ball in the predicted direction (r0121 = .28, 
t(3) = 0.50, n.s.). Similarly, there was a weak, non-significant, correlation in the 
predicted direction between the Sotialisation scores and the residual recovery Display 
difference scores (r01.23 = .22, n.s.). 
5.3 Conclusions 
The autistic children obtained substantially, and significantly, lqwer Socialisation scores than 
the developmentally delayed children, consistent with Prediction 3A (5.1). Considering all 
14 children, there was a significant tendency, consistent with Prediction 38, for children 
with greater Socialisation scores to have greater residual recovery scores for the Ball, 
compared with the Runner. A similar tef!-dency in favour of residual recovery to the Ball, 
considered alone, was not significant (5.2). 
Although there was a tendency for the autistic children's Socialisation scores to be positively 
associated both with recovery to the Ball, and with recovery to the Ball display compared 
with the Runner, consistent with Prediction 38, this was weak and not significant (5.2). 
6 Group Differences in Joint Attention: Relationship with Group Differences in 
Recovery 
6. 1 Group Differem;es in Joint Attention 
Prediction 4A stated that the autistic children will tend not to have joint attention behaviours 
compared with tlie developmentally delayed children, as indicated by the caregiver 
questionnaire ·scores. 
Prediction 4A was supported; Table 5 (p. 80) shows that there was a strong and significant 
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tendency for the autistic children to be less likely than the developmentally delayed children 
to show joint attention behaviours, as indicated by botJl the two individual measures and the 
combined measure. There was a .1: I correspondence between group membership and the 
presence or absence of use of a finger point to indicate interest. One of the autistic children 
was reported to bring objects over to show the caregiver and one of the developmentally 
delayed children was reported ~ot do this. 
6.2 Association between Joint Attention and Recovery to the Novel Displays 
Prediction 48 stated that joint attention behaviours will be associated with recovery to the 
Ball display, and with the differences in recovery between the Ball and the Runner displays, 
across the groups and witQin the autistic group. 
As described, there·was a 1:1 correspondence between membership of the autistic group and 
referential pointing, and only one autistic child was reported with joint attention showing 
behaviour. The results were not therefore analysed for within-group associations .. between 
joint attention and recovery scores. 
· For all 14 children, consistent ,with Prediction 48, there was a strong, significant association 
between joint attention showing behaviour arid residual recovery scores for the novel Ball 
display, after partial ling out Order of display and Total fixation times during habituation 
(r0u 3pb = .67, t(lO) = 2.83, p = .009, one tailed test). The difference in residual scores 
was confirmed by t-test for the means (M = 18.4 s versus M = -18.4 s; t(7.8) = 2.96, p 
< .010, one tailed test). lncreased total joint attention scores were also associated with 
. increased residual recovery scores for the novel Ball display (tau-c(l4) = .55, z = 2. 74; 
' . 
p = .003, !-tailed test). Similarly, both joint attention showing and total joint attention 
scores were associated with greater residual recovery for the novel Ball display compared 
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with the Runner. However, these tendencies did not reach significance for showing 
behaviour (M= 6.6 s versus M.= -6.6 s; t(12) = 1.16, p = .136, one tailed test) or for 
the overall joint attention measure. In the latter case, the mean residual recovery display 
differences score was greater for a total joint attention score ,; 1 (M = 21.95 s, N = 2) 
than for joint attention = 2 (M = 5.84 s, N = 6), compared with joint attention = 0 (M 
= -13.16, N = 6; tau-c(l4) = .31, z = 1.52, p = .064, one tailed test). 
6.3 Conclusions 
Significantly fewer of the autistic than ·the developmentally delayed children had joint 
attention behaviours, consistent with Prediction 4A, and there was a 1: I correspondence 
between referential pointing and group membership (6.1): Considering the whole group of 
14 children, there was a moderately strong and significant tendency for children who had 
joint attention behaviours to have greater residual recovery scores for the novel Ball display, 
consistent with Prediction 4B. There was also a moderate, predicted, tendency· for joint 
attention to be·associated with residual recovery in favour of the ·novel Ball display, relative 
to the Runner (6.2); this only reached significance for referential pointing (as for group 
membership; see Section 5.5, p. 78). 
As only one autistic child was reported a5 showing either of the joint attention. behaviours, 
Prediction 4B could not be assessed for within-group associations with recovery scores. 
7. Group Differences in Pretend Play: Relationship with Group Differences in 
Recovery 
Table 5 (p. 80) shows that fewer of the autistic than the developmentally delayed children 
were reported as showing pretend play, but the group difference was relatively weak and 
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not significant. As only one autistic child showed pretend play, no analysis was made of any 
association within the autistic group between pretend play and the residual recovery scores, 
Considering all 14 children, there was a moderate and significant association between 
pretend play and residual recovery scores for the novel Ball display (r0 ,_2Jpb ~ .54, t(10) = 
2.03, p = .035, one tailed test); the difference in residual score means was also close to 
significance when compared by t-test (M = 20.1 s versus M = -8.0 s; t(12) = 1.74, p = 
.054, one tailed test). Similarly, the children with pretend play tended to have greater 
residual recovery scores for the Ball compared with the Runner novel display, but this 
tendency did not reach significance (M = 12.1 s versus M = -4.8 s; t(12) = 1.37, p = 
.097, one tailed test). 
8. Group Differences in Identification of the Displays 
The identification tests were intended to assess whether the children's recovery responses 
to the experimental novel displays were related to, or confounded with, their abilities to 
identify· a named line drawing of the two dynamic display elements; "boy" (Runner) and 
"bal_I". It was possible that failure to give an appropriate identification response may have 
represented one or more of three factors; I), lack of recognition of the verbal label; 2), lack 
of visual recognition of the display; 3) task-related factors such as general absence of a 
pointing or touching response or motivation. Different factors may have been evident for 
the two groups and this section is concerned with evaluating these factors, to aid 
interpretation of the relationship between identification and recovery responses to the 
experimental displays. 
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8.1 Group Differences in Identification of the Displays; Relationship with Verbal 
Abilities and Joint Attention Pointing 
As indicated in Table 5 (p. 80), fewer of the autistic than the developmentaily delayed 
children successfully identified the dynamic display elements, but, of the three identification 
measures, this group difference only approached significance for Identification of the Ball 
(two tailed tests). The association of group membership with Identification of the Runner 
was weak. Only two of the autistic children identified both displays, with one more child 
identifying the Ball and another identifjing the Runner ("boy"). In contrast, only two of 
the developmentally delayed children failed to identify the Runner and all identified the Ball. 
Considering the developmentally delayed children, ·these results suggest that the 
identification test for the Ball was generally easier than identification of the Runner, so the 
'failure' of the two developmentally delayed children to identify the Runner may have 
represented lack of either verbal or visual recognition. However·, this apparent difference 
in difficulty between the two identification tests was not significant (binomiai p = .500, N 
= 7; two tailed McNemar test) and 'success' in the Runner identification test may not have 
depended on verbal comprehension level or developmental delay alone as it was not 
significantly associated with greater RDLS age scores or quotients for these children (see 
Table 6). 
Considering the autistic children, the presence of differences in identification rate between 
them and the developmentally delayed children, deSJ?ite matching of participants on RDLS 
comprehension age scores, suggests that their responding to the identification tests may have 
primarily represented task - related factors such as their ability, or willingness, to point at, 
or place a fmger on, any named picture, rather than verbal or visual recognition. Against 
this suggestion is the association between identification for the Runner, and RDLS age 
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scores and quotients (the latter significant; see Table 6). Also, any task-related factors were . 
probably not necessarily dependent on joint attention pointing,, as none of the autistic 
children were reported by their caregivers as having referential pointing behaviours to 
indicate interest (as outlined in Section 6.2, p. 84). Nevertheless, the suggestion that task-
. related factors were important is supported from two related lines of evidence: 1) None of 
the four autistic children who failed to identify the Ball display 'passed' the four items on 
the training Plate (phi = 1.00, p = .029, one tailed Fisher's exact test). Of these four 
children, just one pointed appropriately at any of the four training items ("Car"). 2) All 
seven autistic children were able to respond appropriately in the RDLS comprehension test 
by picking up at least 10 named objects, including two of those depicted on the Training 
Plate used in the identification test ("doll" and "car"). 
RDLS Chron. RDLS 
age score age quotient 
Autistic (N = 7) 
Mean score, 'identifiers' 41.3 55.3 72.0 
Mean score, 'non-identifiers' 23.7 90.5 27.0 
t(df) 1.41 (2.1) 2.46 (5) 3.06 (2.1) 
p (ctireai<matily) 0 145 (ODe tailed) 0 057 ( tM> miled) .043 (~ miled) 
Developmeiltally delayed (N = 7) 
Mean score, 'identifiers' 29.8 42.0 59.0 
Mean score, 'non-identifiers' 25.0 53.4 57.0 
t(df) 0.49 (5) 0.78(5) 0.12 (5) 
p n.s. n.s. n.s. 
Table 6 Mean RDLS age scores & quotients. and chronological ages. of children 
'passing' and 'failing' the identification tests for the Runner dis.play 
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8.2 Conclusions 
There was evidence to suggest that the autistic children· were generally less 'successful' in 
the identification tests, compared with the verbal ability-matched developmentally delayed 
children. This may have been primarily due to factors related to the nature of the task, 
rather than. necessarily due to lack of verbai of visual recognition. These factors were 
significantly associated, for the autistic children, with developmental delay in performance 
on the RDLS verbal comprehension test (RDLS quotients). It is, neverthless, also possible 
that, for both groups, the 'boy' was a more difficult picture to recognise than the 'ball'. 
9. Relationship between Identification and Recovery to the Novel Di!ij)la,y"s: 
Interactions with Group Membership 
As outlined earlier (Section 8 .. P· 86), the identification tests were intended to assess 
whether the children's recovery responses to the experimental novel displays were related 
to, or confounded with, their abilities to identify a named line drawing of the two dynamic 
display elements; "boy" (Runner) and "ball". Partial correlation was used to analyse this 
possibility and to assess any interactions with group membership. 
9.1 Recovery to the Novel Ball Display 
Identification of the Ball was weakly correlated with residual recovery to the novel Ball 
display, partialling out Order of display and Total fixation times during habituation, but this 
effect was not significant (t(lO) = 0.74, n.s.; see Table 7). Similarly, there was no 
interaction with the effect of Group in the residual recovery scores, as there was no 
reduction in the partial correlation coefficient between Group and the residual scores, after 
additionally partialling out the ide9tification scores for the Ball (Table 7). 
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Partial correlation of the Group/RS partial 
Variable variable with correlation, after additionally 
recovery scores (RS) partialling out the variable 
Group membership1 .50 (.50) 
Identify the Ball display1 .23 .51 
RDLS age score .00 .50 
Chronological age -.29 .44 
RDLS quotient .13 .51 
Table 7 Partial correlations between control measures, ~oup membership and 
recovery scores for the novel Ball diS.J)Iay, after partialling out 
Order of display presentation and Total fixation times during habituation 
Variable 
Group membership1 
Identify the Runner display1 
Identify the Ball displayi 
Identify both displays1 
RDLS age score 
Chronological age 
RDLS quotient 
Correlation of the 
variable with residual 
recovery display 
difference scores (RDS) 
.47 
.01 
.13 
- .07 
-.45 
- .45 
- .11 
Group/RDS partial correlation, 
after partialling out 
the variable 
(.47) 
.49 
.50 
.55 
.47 
.30 
.51 
Table 8 Correlations between control measures, ~oup membership and residual 
recovery display difference scores, after partialling out Order of 
diS.J)lay presentation and Total fixation times during habituation 
1 Point biserial correlations 
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9.2 Recovery Score Differe!Jces between the Novel Ball and Runner Displays 
There were no associations between any of the three Identification scores and residual 
display recovery score differences (p > .20), and similarly no interactions between 
Identification and Group effects on residual recovery score differences (Table 8). 
10. Relationship between RDLS Age Scores & Quotients, and Chronological Ages, 
and Recoyecy to the Novel Displays: Interactions with Group Membership 
As the groups were not matched. with respect to either chronological age or, ·as a result, 
RDLS quotients, it was important to establish whether there were any interactions between 
these two variables and the residual recovey scores, and whether there were any second 
order interactions between these and the Group effects on recovery, which may have 
confounded th!! results outlined in earlier Sections. It was also of interest whether there 
were any interactions between RDLS age scores (the group matching variable) and the 
residual recovery scores. 
10.1 Recovery to the Novel Ball Display 
There were no substantial or significant correlations (t(IO) < 1.40, p > .20) between 
RDLS age scores or quotients, or chronological ages, and residual recovery scores for the 
novel Ball display, after partialling out Order of display and Total fixation times during 
habituation (Table 7). The only interaction between these control variables and Group 
effects on residual recovery to the Ball was in the case of chronological age, where there 
was a small decrease. in the partial correlation between Group and the residual score after 
additionally partialling out chronological age (from r01 .23pb ':" .50 to r01 .234pb = .44; see Table 
7). 
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10.2 Recovery Score D-ifferences between the Novel Ball.and Runner Displays 
There were negative correlations between both. RDLS age scores and chronological ages, 
and residual display difference ·recovery scores, ·after partialling out Order of display and 
Total fixation times during habituation. There was no substantial association between RDLS 
quotients and the residual difference scores (Table 8). The only interaction between these 
control variables and Group effects on the residual score differences was in the case of 
chronological age, where there was a reduction in the partial correlation between Group and 
the residual score differences after additionally partialling out chronological ages (from r01.2Jpb 
= .47 to r0 ~_ 234pb = .30; see Table 8). 
10.3 Conclusions 
Effects of RDLS age scores: 
There was a negative association between increased RDLS age scores and residual recovery 
score differences between the novel Ball and Runner displays, in the opposite direction to 
membership of the develop mentally delayed group. As the groups were matched on RDLS 
age scores, there was no int~raction between the RDLS age score effect and the Gr~mp _ 
effect on residual recovery score differences. 
Effects of RDLS quoTients and chronological ages in recovery to the novel Ball display; 
The only interaction of note between RDLS quotients or chronological ages and the residual 
recovery s~ores, was in the case of chronological age. When considering recovery to the 
novel Ball display, the weak effect of increased chronological age was in the same direction 
as membership of the autistic group and in the opposite direction to the weak effect of 
increased RDLS quotients. There was little interaction between the Group effect and the 
chronological age effectin the residual scores. Thus the chronological age effect is likely 
to be independent of group membership, as well as independent of group differences in 
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RDLS quotients. 
Effects of RDLS quotients and chronological ages in· differences in recovery betWeen the 
novel displays; 
When considering recovery score differences between the novel Ball and Runner displays, 
a more substantial interaction was found between chronological ages and the Group effect 
I_ . 
in the score differences. Again, the effect of increasing chronological age was in the same 
direction as that of membership of the autistic group, but this time it was confounded, to 
some extent, with the Group effect, the autistic children being mostly older than the 
developmentally delayed children. The chronological age effect was not a result of the 
relatively lower RDLS .quotients of the autistic children, as there were no interactions 
between the quotients, recovery score differences and group membership. 
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CHAPTER 4. DISCUSSION AND CO_NCLUSIONS 
This discussion reviews the reliability of the results and the methods which were used to 
obtain them (Seqtion 1). It then proceeds to evaluate the conclusions which may be made 
from the results, and their validity (Sections 2, 3 & 4). Relevant future directions for 
research are outlined (Section 5), the clinical and practical implications of the results are 
then considered (Section 6), and finally the overall conclusions are summarised (Section 7). 
1 Application of Habituation/Recovery Methodology with Autistic and 
Deyelopmentally Delayed Children 
The results reported here indicate that the use of a habituation/recovery procedure can give 
rise to reliable, valid, information, for testing.hypotheses about the perception of movement 
by autistic and developmentally delayed children. This claim will be examined in this 
Discussion. The reliability and validity of the tests used for identification of the displays, 
and for assessment of early social behaviours and pretend play, will also be assessed. 
1.1 Reliability of the Methodology 
The inter-observer reliability was high for both groups of children. The real-time 
measurements and timings of the experiq1enter were also highly reliable, so that trials were 
neither cuitailed nor extended due to difficulties in monitoring visual fixation (Method, 5). 
However, although the recorded observations were reliable (accurate}, three main practical 
difficulties led to a high degree of 'error' variance in fixation durntions both between trials 
and between participants. This appeared to represent factors other than the child's 'interest' 
in the displays: 
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I) Some of the autistic children did not always clearly direct their gaze towards the 
display, appearing to use peripheral visual.ftxation. 
2) There were wide individual differences in durations of ftxation, particularly for 
some of the autistic children, as reported (Results, 2.3 & 3.7). When eye contact for the 
display was relatively fleeting (circa 2 s or less), the child was also likely frequently to look 
away from the display for periods of more than one second. Thus the two second criterion 
for ending the trial could often be approached during habituation, so the timing of this was 
potentially critical for the reliability of the results. Occasionally, such a child would make 
an initial fleeting glance at the screen at the start of a trial, look away for up to two seconds 
and then revert to looking at the screen for upwards of 20 seconds. If the last novel trial 
was allowed to run on, occasionally such a child would appear to have been 'curtailed' in 
his or her voluntary fuation by application of the two. second 'look -away' criterion. This 
problem contributed to an overall unreliability of the method when used with small numbers 
of participants, as such large differences in voluntary ftxation lead to the high variance 
found in ftxation times between trials and participants. 
3) There was a 30 - 35 percent loss ofparticipants due to participant curtailment 
of the trials or lack of attention for the displays, the loss being similar for both autistic and 
developmentally delayed children. This attrition rate is comparable to Infant studies, where 
the infants may be described as 'fussing'. However, it raised particular problems in a study 
of this nature, where participants were 'valuable' due to belonging to a minority group in 
the population. This led to logistical·, and potential experimental, problems in carrying out 
the experiment in a number of widely different environments (although the consistent 
experimental arrangement and lighting levels minimised variance from this source). There 
was also the necessity of maintaining an ability match between th~ two groups. In this case, 
the match was pairwise and there was also a match in order of display presentation,. For 
the la~i few participants, the matching had to take place before the exp_erimenta) procedure. 
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Thus, it is relevant to evaluate the reason for the attrition of participants. 
Some of the children became re~tless during the sessions, as discussed earlier (Method, 2), 
leading to predicted variations in fixation between trials and to a fatigue effect between 
display sets, which was greater for the developmentally delayed children than the autistic 
children (Results, 2.2 & 3.6). Unfortunately for this methodology (unlike the infants 
usually studied in this way), children of the age rar{ge studied here are mobile ,and free to 
curtail the sessions by either asking to leave or by getting up to examine the experimental 
' . 
arrangements more directly. Key determining factors in maintaining levels of interest 
during the sessions may have been the attractiveness of both the experimental and inter-trial 
displays, the duration of the habituation trials and the necessity of habituating each 
participant to two sets of habituation/recovery trials in one session (the latter again being 
· ·a restriction due to the restricted participant population and to difficulties in matching 
participant groups). A dilemma in the hab~!Uation procedure is that a reliable habituation 
criterion must be set to ensure that recovery to the novel display is also reliable. A5 
habituation essentially consists of the child becoming reliably bored, it is not surprising if 
his or her behaviour starts ·tO conflict with the experimental demlUldS. 
Future research using this methodology with such special groups of children may need to 
address the above problems. Reliable results and avoidance of wastage may be acheived 
as follows: l) A paired comparison procedure may be adopted (see Introduction, Section 
5.3) which does not necessitate a stringent habituation criterion. This procedure was not 
adopted here due to the diffict,Jlty of running two contrasting dynamic displays side by side. 
It is also difficult, with such a procedure, to measure degree of discrimination between the 
displays, which was acheived here. Furthermore, Berthenthal et al (1987) argue that such 
an approach confounds the measurement of encoding with that of discrimination (see below, 
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2.1 & 3 .1). 2) Experiments may be designed so that one set of habituation trials only need 
be used. 
2 Habituation Responses of the Children 
2.1 Reliability. of Habituation 
The results show, as predicted (Prediction 7), that both groups of children habituated 
reliably to both displays. As will become clear, 'reliable' here simply means that there was· 
a '·real', statistically significant, difference in fixation times between first arid last trials, not 
necessarily that this decrease r!!presented anything other than chance variations in looking 
behaviour. As discussed in the Introduction (5.4), experiments measuring physiological 
responses have not always found habituation (i.e a reliable change in response oVer trials) 
among autistic participants, whereas visual habituation may take place where physiological 
habituation does not (Barry & James, 1988; Verbaten et al, 1991). Further literature was· 
discussed, forming a basis for the experimental hypothesis, which also suggests that there 
is a relative lack of 'depth' of information processing in autism, despite appropriate 
behavioural responding. Thus, as discussed, the changes in visual ftxation for autistic 
children may not represent 'deeper' information processing (Courchesne, 1987), such as 
conceptual processing or memory formation. 
It is possible also that the developmentally delayed children here may have had a relatively 
low level of information processing during habituation and that recovery simply represented 
spontaneous regression -to the· meim. Cohen (1981) proposed that the apparent visual 
habituation of younger, 19 week old, infants with Down's syndrome, in contrast to normal 
infants ~d older infants with Down's, did not appear to represent significant information 
processing, as the younger infants 'spontaneously' recovered their fixation to the habituated 
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display on seeing one trial of a novel stimulus, after having reliably reached habituation 
criterion. However, apparent spontaneous regression may represent processes other than 
· chance variations around a mean, such as · a frustration response to boredom, . having 
'genuinely' habituated. 
A child control procedure, as used here, makes it possible that children may reach 
habituation criterion by chance variations in looking.· Then, recovery simply represents 
spontaneous regression to the mean, as discussed. in the Method (Section 2). For practical 
reasons, this study did not include a control for the extent of information processing during 
habituation, such as repeating the habituation stimulus after criterion was reached (as 
described above in the study of Cohen, 1981, and advocated by others, eg. Berthenthal, 
Haith & Campos, 1983). As a result, it is possible that the 'reliable' decrease in visual 
fixation .observed here for both groups represents one of three different possibilities: l) It 
signifies simply chance variations _in fixation levels which do not represent any significant 
information processing. 2) It signifies 'real' habituation (i.e. information processing), but 
without significant 'depth' of conceptUal processing or memory formation. 3) It signifies 
conceptual-level representation and memory formation. 
Both possiblities 2) and 3), but not 1), above are consistent with the experimental hypothesis 
(7. 3, p. 40); as it is proposed that the autistic children do not process aspects of dynamic 
causal events, as depicted in either the habituation or the novel displays. As the 
. discrimination of the novel from the habituated event (recovery) is what is measured here, 
rather than either event alone, it will be difficult to establish, if the hypothesis is supported, 
whe~er such a state of affairs is due to la~k of p~ocessing of the habituation or of the novel 
stimulus event. 
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It will now be shown that possibility ,1) above (i.e. habituation merely represents chance 
variations in looking), can be excluded, from two lines of evidence in the results: 
1) If there were significantly different rates, or extents, of habituation between the 
two displays for either of the groups, then it may be concluded that information processing 
('encoding') occurred to a greater extent for the display which was habituated faster or to 
the greater extent (Berthenthal, et al, 1987). Although· there were no differences between 
displays or groups in the rate of habituation, as predicted (Prediction 8), ·the autistic children 
did habituate to a significantly greater extent to the Ball than to .the Runner display. Also, 
these children habituated more to the Ball when presented as the second, rather than the 
frrst, display, unlike . the Runner and unlike both displays when considering the 
developmentally delayed children (Results, 3.8). Therefore it is concluded that the autistic 
children processed information about the the Ball display during habituation. 
2) If it can be shown that habituation and recovery . were separate processes 
.(Berthenthal et al, 1987), or if there· was a differential recovery response between any of 
the conditions (Kellman & Spelke, 1983), then there was information processing during 
habituation, rather than chance variations around a mean level of looking. Itwas found 
here that there was a significant effect of order of display presentatiqn during habituation 
(fatigue effect; Results, 2.2), whereas there was no significant effect of order on recovery 
scores for any of the group and display conditions (Results, 4.3). Also, the developmentally 
. ' ' 
delayed children recovered significantly QlOre to the novel Ball display, both relative to the 
novel Runner display and when compared with the autistic children, when group differences 
in levels of fixation during habituation were partialled out (Results, 4.6). Therefore it is 
concluded that information processing occurred during habituation for all four group and 
display conditions. 
Overall, it is concluded that the significant decreases in fixation times between first and last 
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habituation trials were not due to chance variations in looking, but rather were due to 
information processing. Thus, the results presented here are concerned with group 
differences in information processing. 
·2.2 Group and Display Differences in Habituation 
It was predicted that there would be no differences in rate of habituation between the groups 
. . 
(Prediction 8), that the autistic children would have lower total fixation times during 
habituation than the developmentally delayed children for both displays (Prediction 5), and 
that they would have increased total fixation times during habituation for the Ball compared 
with the Runner disJ)lay, relative to the developmentally delayed children (Prediction 6). 
Prediction 8 was made on the basis of the literature, reviewed earlier, concerning 
habituation by autistic individuals, and was supported by the results (Results, J.l). This 
suggests that, in any one trial, the autistic children did not have a specific difficulty in 
remembering the information seen during the preceding trial, relative to the developmentally 
delayed children (Cohen, 1981). 
Prediction 5 was made on the basis of the reported reduced central physiological responses 
( eg. Courchesne, 1987) in autism, and from the decreased fixation times for single 
presentations of photographs (Boucher & Lewis, 1992), evidence reviewed in the 
Introduction (Section 5.4). However, it was not supported here, as there were no 
significant group differences in total fixation times during habituation, considering both 
displays together, both for the first two trials and considering total fixation times for aU the 
trials. There were also no significant differences for the developmentally delayed children 
in total fixation times between the Ball and the Runner, although the means were in the 
predi~ted direction, but the autistic chiidren had signifiantly greater ftxation times for the 
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Ball than the Runner (see Results, 2_.4 & 3.8). 
The· latter results were, to an extent, consonant with Prediction 6. This prediction was 
made on the basis of previous research which found that autistic children tended not to 
respond differentially in their central neural responses to increased complexity of a visual 
stimulus (Strandburg et al, 1984; Verbaten et al, 1991). Further, it was predicted here that 
the autistic children would tend to process dynamic information to a relatively diminished 
extent. These group differenc~s in fixation times between the two displays were predicted 
despite contrary evidence indicating that autistic children, like other children, have greater 
visual fixation times for more complex static visual images (Hermelin & O'Connor, 1970; 
Verbaten et al, 1991). The rationale for the predicted result is as follows: The Runner 
display was more complex than the Ball display in three ways. Firstly, considered as a 
static dh;play, it had more elements (hat/head, arms, legs), giving a complex outline, and 
greater complexity of colours which _provided greater internal complexity. Secondly, as 
discussed, it had internal movements which were lacking in the Ball display. Thirdly, it had 
a more complex categorical significance, being a representation of an animate, rather than 
ipanimate, object. 
lf total ftxation times during habituation are taken to measure stimulus encoding (Cohen, 
1981, Berthental et al, 1987), then the ftrst consideration would predict greater fixation 
times by the autistic children, whereas the second and third considerations would predict· 
decreased fixation times by these children. The third consideration is discussed further 
below (Section 3); briefly, decreased fixation times would be. expected for the Runner 
relative to the developmentally delayed children, if the autistic children tended to encode 
less information about it as an animate object. This aspect of the 'complexity' of the 
Runner may not be as salient for them due either to its abstract cartoon nature, or to wider 
. . . 
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real-life difficulties with animate/inarJimate categorisation. 
There is also a fourth consideration which may have affect~d relative overall fixation times; 
that of the sensory properties of the red 'ball'. As discussed in the Introduction (Section 
5), there are various differences in sensory processing between autistic and matched control 
children. It is possible that there was some sensory property of the ball, not necessarily 
related to lack of complexity, for instance its red colour, which was more salient, or 
attractive, for the autistic children. 
2.3 Group Differences in Variance and Consistency of Visual Fixation during 
Habituation 
It was found that the autistic children were both more consistent than the developmentally 
delayed children in their durations of visual fixation between the Runner and the Ball 
habituation displays (both seen within one continuous. session), and that they had greater 
individual differences in the range of their durations of fixation. The former conclusion is 
consistent with the finding here that the autistic children had a relatively reduced fatigue 
effect between the displays (Results, 2.2, 3.6), although this finding did not reach 
significance. The latter.fmding is consistent with that of Boucher & Lewis 0992)for single 
presentations of photographs of faces and buildings. Thus, autistic children appear to vary 
' ' . 
greatly from each other in the durations of their gaze for graphic images, yet, in this study' 
they were al~o similar to each other, as a group, in the consistency with which each child 
looked at two different repeatedly presented displays. 
It is difficult to come to any more definite conclusion from these results, other than that 
they substantiate one of the postulates underlying of the experiemental hypothesis here -that 
autistic children differ significantly from matched developmentally delayed children in their 
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looking behaviour. However, an additional conclusion is suggested: Perhaps the autistic 
children habituated to the experimental environment (as against the experimental displays) 
more slowly than the developmentally delayed children (i.e. they became 'bored' more 
slowly). If this were the case, then it may have been a function of the 'desire for sameness' 
which is a diagnostic ch~acteristic of autistic children (Introduction, 2 & 4.2). · 
3. Recoyecy Responses to the Novel . Displays 
3.1 Reliability of Recovery, and the Relationship between Recovery and Habituation 
Prediction 9 stated that both groups of children would recover to the novel displays 
(habituation display + time delay on contact with the 'wall'), following habituation. 
Prediction 10 stated that both groups of children would have lower recovery scores for both 
the novel displays when seen after a preceding novel display. 
Prediction 9 was supported, as recovery scores were significant for all four group and 
display conditions. There was no significant effect of order of display presentation, 
indicating that there was no overall fatigue effect for recovery, contrary to Prediction l 0 and 
unlike the fatigue effect found for the habituation displays. As discussed above (2.1), the 
absence of a significant fatigue effect in recovery, unlike habituation, indicates that fixation 
durations during habituation and recovery are, to some extent, measuring different 
perceptuaUcognitive processes, as emphasised by Berthenthal et al (1987). These authors 
state that fixation during habituation measures encoding (as discussed earlier) whereas 
recovery measures discrimination between the habituation and the novel stimulus. 
However, again as discussed earlier, it is suggested here that habituation and recovery 
cannot be measured completely independently, as discrimination can only be· measured 
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relative to the encoded habituation stimulus. Furthermore, as discussed below, there were 
positive correlations in this study between fixation during habituation and recovery. These 
correlations probably were due to a part of the dynamic habituation displays containing an 
identical dynamic display element to the novel displays, and to .this proportion increasing 
between the habituation and novel displays (2.3fold for the Runner and I. 7 fold for the Ball 
display ele,ments; see Method, 1.1). Berthenthal et al (1987) did not fmd any such 
correlations when habituation and recovery were to dynamic point light displays, varying 
in coherence, depicting the biomechanical motions of a person walking, where there were 
no visually identical elements in the habituation and novel displays. 
3.2 Interpretation of the Group Differences in Recovery J.o the two Novel Displays 
Prediction 1 stated that the autistic children would have lower recovery scores for the novel 
- . 
Ball display than the developmentally delayed children. Prediction 2 stated that the autistic 
children would have lower recovery scores fo·r the novel Ball display compared with the 
noveJ.Runner display, relative to the develop mentally delayed children. 
Both Predictions 1 and 2 were supported by the results here. Thus, the autistic children 
recovered less to the novel Ball display than to the novel Runner display, whereas the 
developmentally delayed children recovered to a similar extent to both displays. When raw 
recovery scores were considered, these predicted differences did not reach significance, but 
when the correlations discussed above, between recovery and fixation times during 
habituation, were partialled out, the mean group and display effects increased slightly and 
were significant. Essentially, both individual and group differences in ~urations of fixation 
were controlled for by this method, the group differences in habituation being in the 
opposite direction to the group differences in recovery. The partialling out removed that 
portion of each recovery score which was attributable to levels of visual fixation (encoding) 
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. . 
during habituation. 
The interpretation of these group differences in recovery to the two novel displays 
essentially depends on what .conclusions may be drawn about how the children in both 
. 
groups mentally represented, or encoded, both the habituation and the novel displays. 
Mental representation of the novel displays by the two groups of children: 
The most parsimonious interpretation of the recovery patternS of the two groups to the two 
novel displays, is that the autistic children did not notice the anomolous, 'impossible', 
element of the Ball + Delay event. It cannot be decided, on the basis of the information 
presented here, whether this was; A), due to the autistic children expecting inanimate 
objects to move independently (i.e. not applying the 'discounting' heuristic; Shultz, 1988), 
\ 
or; B), whether it was a more situation-specific response to these particular displays, so that 
the children simply did not notice the anomolous significance of the tWo second event within 
. . 
the ongoing, repeated dynamic pattern of the 4isplays. Both these possibilities are consistent 
with the experimental hypothesis, it being suggested, essentially, that a lack of access to 
conceptual-level processing may result in the child noticing the delay (as indicated by the 
-
presence of reliable recovery), but not responding to the conceptual significance of the delay 
in the case of the Ball (i.e "impossible event"). 
The second explanation, B) above, would be consistent, to an extent, with the research 
discussed in the Introduction (Section 5.4, where autistic children did not appear to respond 
at a c~ntral, 'conceptual', neural level to changes in repetitive ongoing stimuli, but did 
respond at a behavioural, 'categorical'. Similarly, even though a 800 ms visual cue was 
sufficient (unlike a 100 ms cue) to facilitate autistic men to respond more quickly in a target 
location task, the men had difficultly in discounting the cue if it was invalid (i.e. if it 
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contained information that was contrary to expectations; see Introduction, 5.4; Wainwright-
, 
Sharp & Bryson, 1993). However, information which indicates, rather, that autistic 
children have difficulties in identifying specific real-life animate movements (human non-
verbal expressions and actions) is provided by recent research of Moore, · Hobson & Lee 
(1995). These authors have found that the time durations required for autistic children to 
reliably verbally identify moving point light displays as a "person~, are similar to those 
reported for adults and for ability-matched children, i.e. 200 ms or less. In contrast, given 
5 s exposures, the same autistic children had great difficulty identifying affective states (eg. 
' 
happy, angry, cold, itchy) in the movements of a person with point light displays attached; 
but not in identifying :actions (eg. jumping, kicking, digging). Thus, it may be possible that 
autistic children have specific difficulties in learning, or perceiving, 'real world' information 
about people (animate objects) in dynamic events, but that this difficulty is likely to be 
relatively domain-specific. 
The above possibilities are not however, the only possible interpretations of the results here. 
There are two further possibilities to be considered: One possibility is that the autistic 
children had a general difficulty, in the real world, in categorising animate versus inanimate 
'objects', and therefore that their recovery responses here were a result of a similar 
difficulty in categorising the cartoon images. This possibility appears unlikely: The results 
of the identification test indicated that at least three of the autistic children identified the 
Runner and three identified ·the Ball, and there were no significant effects of identification 
on the recovery scores (Results, ·s.2 & 9.2). It would appear unlikely for autistic children 
to have a difficulty in assigning humans ·to a similar category to each other, in comparison 
with balls. As.Shultz (1990) discusses, there are many properties of animate objects which 
distinguish them from inanimate objects apart from their cauSal movements, such as noise 
· (speech), in addition to all the obvious surface features which are similar in humans versus 
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inanimate objects and which were shared by the cartoon 'boy' - arms, legs, head, clothes 
and hat. Tager-Fiusberg (1985) found, as discussed in the Introduction (Section 5 .2), that 
autistic children were able to sort items into biological and artifactual domains. 
Furthermore, autistic children identify adults as agents capable of independent actions, as 
at least a minority communicate intentionally, and many more use non-verbal behaviours 
or words to gain another's aid in obtaining objects or to create ev.ents (see Introductio~, 
3.4). 
A second, further, possibility is that the autistic children did not have 'real-life' expectations 
of the movements of the two display images, due to failing to form the same expectations 
ofthe ,movements of cartoon images as for the real-life objects they represented. As 
discussed in the Introduction, autistic children tend to be relatively lacking in pretend play 
and imagination, and it may need an act of imagination to form real-life expectations of 
cartoon images. The identification test did not control for this possibility, as it did not 
measure the children's spontaneous response to the images. However, this 'lack of 
imagination' possibility has some limited support from the information collected froin 
caregivers about the presence or absence of pretend play. If the group and display 
differences in recovery were.due to 'lack of imagination' about the cartoon figures, then an 
association may be expected both between pretend play and group membership, and between 
pretend play and the residual recovery scores to the novel displays. It was found that there 
was a weak and non-significant association between reported pretend play and group 
membership, whereas there was a moderate, significant, association b.etween' pretend play 
and residual recovery to the novel Ball, but a slightly weaker, non-significant association 
between residual recovery score differences between the displays (Results, 7). 
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Conclusion: 
The experimental hypothesis stated " .. autistic children have a tendency either not to notic~, 
or not to process further, brief dynamic visual information ... unless it follows a simple 
·predictable pattern". The information presented in this study supports this hypothesis and 
the two predictions made from it: The two groups of children discriminated the novel Ball 
disj,lay in a different way from each other, the developmentilly delayed children re;,ponding 
more strongly to it, as indicated by their recovery scores. A similar result was obtained 
when recovery _to the novel Ball display was compared with recovery to the novel Runner 
display, indicating that the response of the autistic children to the former was not simply 
a group-specific preference for a stationary display. 
As outlined above, it is like)y, from these results, that the autistic children failed to notice 
the anomolous appearance of the Hall starting to move independently after the stationary 
delay. It cannot be decided, from the information here, whe~er this was due to a general 
expectation of independent movements by inanimate objects (not applying a 'discounting' 
heuristic), or to a situation-specific difficulty in perceiving the altered significance which 
the delay introduced within the context of the repetitive dynamic displays. Both 
interpretations are consistent with recent research, as discussed here and in the Introduction 
(Section 5.4). However, there is also an alternative possibility that the autistic children 
lacked the 'imagination' to invest the cartoon images with the expectations they would have 
I 
' 
of their real-life counterparts. If this were the case, it would not be surprising to them if 
the cartoon 'ball' .moved in a way not expected of real-life inanimate objects. This 
possibility is perhaps supported by the presence of an association between the reported 
presence of pretend play and residual recovery to the Ball. However, the associations 
between pretend play and both group membership, and the residual recovery differences 
between the displays, were weak and non-significant. 
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4 Relationship between ttie Present Results and Existing Research and Theories 
concerning Early Social Abnormalities in Autism 
4.1 Ditt:e~ences between the Autistic and the Developmentally Delayed Children in 
Early Social Behaviours 
The results here confirmed previous fmdings about a relative absence of early social 
behaviours in autism. As predicted from the work of Klin et al (1992) reviewed in the 
Introduction (Section 3.2; Prediction 3A), there was a strong, significant, association 
between group membership and total scores on seven of the pre-8 month items from the 
Sociiilization Domain of the Vineland Adaptive Behaviour Scales (Results, 5.3). The items 
which discriminated the developmentally delayed children most frequently from the autistic 
children were: showing an interest in others' activities; showing anticipation of being picked 
up; showing interest in other children; and playing very simple interaction games with 
others. However, the autistic children obtained scores more frequently on the following 
items than on the others: showing affection; reaching for a familiar person; and imitating 
simple adult movements. There was a similarly strong significant tendency (Prediction 4A) 
for the autistic children to score less frequently on the two joint attention measures, as 
predicted from the work of Mundy and eo-workers and later researchers (eg. Mundy at al, 
1986; see Introduction, 3 .4). There was a 1 :I correspondence between group membership 
and joint attention referential pointing to indicate interest, and a slightly weaker but 
significant association- between group membership and joint attention showing (bringing 
objects to show· the person). As discussed earlier, both these behaviour·s are normally 
evident before ll-12 months. 
4.2 Relationship between the Recovery Responses of the Children and Early Social 
Behaviours 
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Authors have recently emphasised the need to relate theorising and research in autism 
. . 
directly to such primary social/affective abnormalities; K.lin et al ( 1992) have discussed how 
the recent 'cognitive primacy' of theories in autism tends to avoid relating theory directly 
to observed -early social abnormalities, or attempting to measure the hypothesised 
relationships. Of critical importance to this study is the work of both Mundy & Sigman 
I 
(1989a) and Klin et al (1992), who emphasise that theories postulating difficulties in 
relatively advanced conceptual abilities, such as 'metarepresentation' (theory of mind'), fail 
to account for such early abnormalities. These views, and the evidence for them,. were 
reviewed in the Introduction (Section 4.1).- As discussed there, although Baron-Cohen 
( 1989) has argued that joint attention requires a 'rudimentary' metarepresentation ability, 
there is no evidence that children as young as 11 months can ex~rcise such ability. Mundy 
& Sigman (1989a) suggest that a deficit in joint attention is due to diminished expression 
of positive affect, but, again as discusse_d earlier, they present no theory about its origins. 
This study aimed to relate group differences in visual responses to dynamic events to the 
presence, absence or extent of early social behaviours. Inferences ma'y then be drawn about I . 
a possible role of perceptual mechanisms in the developmental origins of the social 
abnormalities in autism. 
' 
It was predicted thal both Socialisation scores (pre-8 month social behaviours; Prediction 
38), and joint attention behaviours (pre-12 month; Prediction 48), would be associated 
with recovery scores for the novel Ball display and with recovery score differences between 
the Ball and the Runner displays, both across groups and within the autistic group. Both 
these predictions were supported in different ways by the results: Considering Pi-ediction 
4B for all 14 children (Results, 5.3), those children who had the greater residual recovery 
score differences betWeen the two novel displays also had significantly greater Socialisation 
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scores, but this predicted relationship was weaker and not significant when con.sidering the 
recovery scores for the Ball display alone. Considering the autistic children alone, the 
. · associations were both in the predicted direction but were weak and not s~gnificant. 
Considering Prediction 3B for all 14 children (Results, 6.3), the associations with joint 
attention were as'predicted, but their relative strength and significance were _in the reverse 
order from those for the Socialisation scale. Thus, there were strong significant associations 
with residual recovery to the novel Ball display. There was a weaker, non-significant, 
association between the residual recovery score differences and joint attention showing, but 
. . 
this association was stronger and statistically significant for joint attention pointing, as for 
group membership (given the 1: 1 correspondence between pointing and group membership). 
Considering the autistic children alone, there was no significant ass~ciation between joint 
attention and differences in residual recovery scores; as there was only one autistic child 
who showed either of the measured joint attention behaviours. 
As discussed in the preceding section (3.2}, it is difficult to choose whether differences in 
recovery to the novel Ball alone, or differences in recovery between the novel Ball an~ the 
novel Runner, are the rriost reliable measure of response to the anomolous content of the 
novel Ball + Delay event. Possible confounding group differences in responsiveness to the 
introduction of the delay per se, are controlled by measuremen:t of the residual recovery 
score differences between the displays, as against responsiveness to the anomolous 
significance of the delay in the context of the Ball as an inanimate object. However, it is 
possible that differential recovery responses to the novel Runner signify differences_ in the 
degree to which the children 'successfully' sought a conceptual-level mental state 
'explanation' for the delay of the 'boy' on contacting the 'wall'. Whilst there were no 
group differences in residual recovery to the Runner, ·the chronological age interactions 
possibly might represent such an effect. Similarly, although the differences in association 
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between socialisation or joint attention scores and residual recovery scores may be 
interpreted as representing an influence of differences in visual responsiveness oil social 
behaviours, it is possible that there is also a causal effect is in the reverse .direction. For 
instance, increased social behaviours may signify a willingness or ability to 'seek 
explanations' about the delay in the novel Runner display, or differences in how the cartoon 
images are mentally represented. This might lead to the observed differences in association 
between the social behaviour or joint attention scores, and the two different recovery 
measures. 
4. 3 Conclusion 
The results indicate an overall association between between early social behaviours, 
including joint attention, and responsiveness to the novel Ball display. The strength and 
significance of the associations between the individual social measures and the two modes 
of measuring recovery varied according to measure and mode. Joint attention pointing 
(referential pointing) was signifiantly associated with both recovery measures, a necessary 
consequence of its I: 1 association with group membership. 
It is concluded that early social behaviours, particularly joint attention pointing, were 
associated with recovery to the novel Ball display, as predicted. Given the strong and 
significant associations between the social measures and group membership, this means that 
there was a relationship between not noticing the 'impossible' element of the delay in the 
the Ball display, the social behaviours and a diagnosis of autism. Thus, there may be a 
relationship between how children literally see the 'world' of moving animate and i'nanimate 
objects and how they develop socially within their first year. 
As indicated by both Wing and Rutter (as discussed in the Introduction, 3), there is a 
• 
spectrum of social behaviours among autistic children and adults. This study was uanble 
to investigate this spectrum: There were· no significant associations within the autistic group 
between the social measures and recovery to the novel.Ball display. This is explained by 
the extremely low levels of social behaviours, on the·. measure used, among the autistic 
children, and the small number of autistic participants. However, this leaves open the 
question of whether differences between autistic children in 'socialisation' (as against 
considering differences between autistic. and other children) may be related to differences 
in responding to the kind of experimental displays used here. 
5. Implications of the Results for Future Research 
The hypothesised relationship between a diagnosis of autism, early (pre-8 & pre-12 month) 
characteristic social abnormalities and responsiveness to changes in dynamic causal 
relationships was investigated. A statistically significant positive association was found 
between each of these three factors. However, the experimental records from only a small 
group of participants were able to be used. To obtain statistical significance of the primary 
results concerning group differences in recovery to the two novel displays, a computation 
was needed to partial out the confounding factor of differential levels of visual fixation 
during habituation. As the results were only just significant at the 5% level, they may have 
been critically dependent on the selection and matching of participants; to some extent the 
participants were self-selecting by attrition due lack of attention or restlessness during the 
experiment. Fortunately, the childr~n were matched adequately on verbal comprehension 
scores and the results indicated that any interaction b~tween the comprehe@ion score~ and "' 
the experimental resul~ was negligible. However, there was a mismatch on chronological 
age and on degree of developmental delay (i.e. verbal comprehension quotient). Again,_ 
whilst there were no significant interactions between the experimental results and the 
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quotients, there was an interaction with chronological age (Results, 10.3). 
For the results to be regarded as reliably valid, the above considerations indicate that the 
study should be replicated using a larger number of participants, matched on age as well as 
verbal ability to control "for both age and degree of developmental delay. It would also l)e 
appropriate to introduce a control procedure to measure spontaneous regression (as discussed 
above, Section 2.1), if this can be made compatible with the practical requirement to reduce 
attrition of participants. As discussed, a paired comparison procedure may be more pratical 
than the habituation/recovery procedure used here; although Berthethal at al (1987) argue 
I 
that such a procedure confounds measurement of encoding with discrimination. A further 
factor which made the results difficult to interpret was the abstract nature of the cartoon 
images. Whilst it was valuable to have a lack of contextual clues (which have undermined 
other studies using real-life 'im(lOSsible' events; Baillargeon, 1994), it was difficult to 
elucidate, as discussed (Section 3.2 above), whether the autistic children failed to represent 
the displays as 'real-life' and hence respond less strongly than the developmentally delayed 
children to the novel Ball stimulus. 
Further research using habituation/recovery, or paired comparison, methods with autistic 
children still may have to overcome the problem of group differences in habituation 
behaviour potentially confounding the variable of interest - recovery to the novel stimulus . 
. Neverthless, it is suggested that both the general application of this methodology with 
autistic and .developmentally delayed children, and the investigation of the perception of 
dynamic events, are research areas of potential value in autism. A number of important 
areas of research in autism may be usefully investigated using this method, such as the 
causal perception of social events and proce_sses of person perception (eg. emotion and 
gesture recognition). . 
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The theOry underlying this research was based on research on the perception of physical, 
animate and social causality by normal infants and children. This is still a little researched 
area. For related results frqm autistic children to be interpreted with greater validity, more 
normative data is required in this area. 
6. Clinical and Practical Implications of the Results 
. 
It was the aim of this study to -investigate autistic children's causal perceptions of the 
movements of animate versus inanimate objects. The primary 'clinical' significance for 
autistic children of these results is likely to lie in the relationship found here between 
perceptual abnormalities and early social abnormalities. A common element in three of the 
four first hand accounts of autistic adults cited in the Introduction (Section 4.2), is the 
unpredictability, incomprehension, emotional isolation and fear which they experienced · 
when children, particularly for moving animate objects and when in social environments. 
The hypothesis developed here goes some way in accounting for the minute-to-minute nature 
of the social difficulties described for social environments and moving objects. 
As discussed in the Introduction, anaccount of the nature and causes of the early social 
abnormalities of autistic children is central to understanding the psychological mechanisms 
underlying their disabilites and their social distress (Klin et at, 1992; Ungerer, 1989; Mundy 
& Sigman, l989a). The results here suggest that early in infancy, such children may fail 
a 
to notice critical aspects of their changing environment, such as the causal movements of 
people, animals and ~animate objects. As a result, movements may appear 
incomprehensible and unpredictable and there may appear to be little to distinguish the 
patterns of movement engaged in by these categories of objects. As Dawson & Lewy 
( l989a) propose, it may be the unpredictable nature of social relationships which is a key 
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area of difficulty for autistic children. 
It would premature to claim that these results are a sufficient basis on which to formulate 
relevant early interventions with-autistic children. However, it is .suggested that the results 
are sufficient to highlight relevant areas to consider. What Klin et al ( 1992) have termed-
the 'cognitive primacy' in current autism research has tended to emphasise the acquisition 
of verbally-based social skills by autistic individuals, to compensate for their postulated 
difficulties in understanding the mental processes of others. The results here suggest that 
attention should be directed to work with young autistic children, addressing their need for 
predictability and its interaction with their difficulties in forming affective relationships, 
If affective interactions between parents, other caregivers and autistic children consist of 
simple, consistent patterns of behaviours, they may be potentially comprehensible and 
predictable, and thereby less aversive. As discussed, autistic children appear to learn more 
about their environment when presented with concrete materials, rather than abstract-visual 
materials (such as used iri this study). Dawson & Lewy (1989a) propose that the use of 
_ imitative play may be beneficial for autistic children in facilitating their social 
responsiveness. This consists of the caregiver imitating " ... virtually every behaviour of the 
child". They propqse that it" ... simplifies, exaggerates and distills many important features 
of social interactions ... provides a highly salient and predictable contingent response for the 
child, and thereby may facilitate a sense of social effectiveness" (op cit', p. 63). Using toys 
as the 'concrete' imitation play medium, these researchers found that shared attention and 
eye contact by the autistic child increased under such conditions. 
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7 · Overall Conclusions 
The results show that the use of a habituation/recovery procedure can give rise to reliable, 
valid, information, for testing hypotheses about the perception of movement by autistic and 
developmentally delayed children. The reliability and validity of the methodology was 
demonstrated by the inter-scorer reliability of the measurements, by the reliability of 
habituation and recovery, by the evidence that habitUation represented information 
processing (encoding) and by the evidence that recovery represented, to an extent, a 
different process (discrimination) from habituation. Nevertheless, there were difficulties 
specific to the application of the methodology with these special groups of children, such 
as the wide variance in visual ftxation durations of the autistic children and their sometimes 
relatively reduced degree of directed gaze for the displays. Further difficulties· originate in 
the particular 'cost' of participant attrition when researching such minority populations. 
The experimental results showed that that the autistic children had relatively low levels of 
visual ftxation ('encoding') during habituation for the Runner display, as predicted, 
although, contrary to prediCtion, their overall levels of ftxation for .the two. displays, 
considered together, were not less than those of the developmentally delayed children. It 
was suggested that the autistic children's relatively low levels of fixation for the Runner 
display may have been due either to them tending to process less information, in real life, 
about animate moving objects, or people, or to them not representing the animate cartoon 
image as 'equivalent' to a real life (animate) person. Alternatively, it may have signified 
an autism-specific response to the sensory properties of the red Ball compared with the 
Runner display. The autistic children were also significantly more consistent than the 
develop mentally delaye~ children in their levels of ftxation for the two displays, Runner and 
Ball, yet they were also more individually ~variable than the developmentally delayed ;--
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children in their levels of fixation, a finding which is consistent with previous research. 
The latter results confirm that the autistic and the developmentally delayed children differed . 
in their encoding of the dynamic visual displays. One possible interpretation of the results 
concerning group differences in consistency of looking is that the autistic children habituated 
more slowly to the experimental setting, reflecting their characteristic 'desire· for sameness'. 
There 'IVere predicted group differences in recovery responses to the novel displays (Runner 
+ Delay; BaH + Delay), the autistic children recovering relatively less to the Ball display 
than the developmentally delayed children. The statistical signifiance of the effect depended 
on partialling out the correlations between habituation fixation levels and recovery scores, 
the group differences between the displays being in opposite directions for habituation and 
recovery. These results were consistent with the experimental hypothesis, which proposed 
' that the autistic children had a tendency either not to notice, or not to process further, brief 
dynamic information, unless it follows a simple predictable pattern. It is likely that the 
autistic children did not notice the anomolous (;impossible') appearance of the Ball starting 
to move independently after the s~tionary delay. This may have been due either to a 
general expectation that all· inanimate ·objects can move independently, or to a .situation-
specific difficulty in perceiving the altered significance which the delay introduced into the 
Ball display. There is also, however, an alternative possibility that the autistic children did 
not imaginatively invest the cartoon images with the expectations they would have of their 
real life counterparts. There was some relatively weak evidence consistent with the latter 
possibility, which cannot be completely excluded. 
A further aspect of the hypothesis was investigated, which proposed that the relative absence 
of pre-12 and pre- 8 month social behaviours by autistic children is due to a difficulty in 
processing dynamic causal information about animate versus inanimate objects. Associations 
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were predicted between the presence or absence of such early social behaviours, a diagnosis 
of autism, and the responsiveness of the childfen in recovery to the novel Ball display. As 
predicted, and consistent with recent published research, the autistic children were reported 
as engaging very infrequently in many of the measured early· social behaviours, including 
joint attention, showing interest in others, and anticipating being picked up by a caregiver, 
although they were more frequently described as showing affection and imitating simple 
adult movements. The scores for early social. behaviours by the autistic and 
developmentally delayed children, considered together, were associated with responsiveness 
. . 
to the novel Ball display, the significance levels depending on the measures used. Thus, 
there may be a relationship between how children literally See the 'world' of moving 
animate and inanimate objects and how they develop socially within their first year. · 
It is suggested that the results need. replicating for the interpretations to be secure. In 
particular, it will be important to use a greater number of participants and to use dynamic 
displays which are closer analogues to real life, although previous research has found it 
problematic to create credible 'impossible' events in this way. Further research is also 
needed to extend current knowledge about the visual perception of soc~al, and of animate 
versus inanimate, causal events, and its relationship to social development in normal 
' ' 
infancy. 
The results are of too preliminary a nature to suggest therapeutic interventions. However, 
they serve ,the purpose of drawing attention to the likely importance of early interventions 
with autistic children, and to interventions based on creating simple, predictable social 
interactions in which an autistic child may develop an experience of social effectiveness 
(Dawson & Lewy, 1989a). 
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APPENDIX A. 
Reynell Developmental Language Scales, Verbal Comprehension Test A (RDLS 2nd 
Revision; Reynell & Huntley, 1981) 
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2 
Verbal Comprehension Scale A 
SCORE 
1 
2 
3 
4 
5 
6 
7 
Selective recognition of word or phrase 
2 Adaplive response lo lamiliar 
word or phrase 
3 Looking al one lamiliar objecl 
or person in response to naming 
4 Where is !he ball? 
5 Where is !he spoon? 
6 Where is lhe brush? 
7 Where is the doll? 
8 Where is the car? 
9 Where is the cup? 
10 Where is lhe sock? 
11 Where is I he brick (block)? 
12 Where is the chair? 
13 Where is !he ba!h? 
14 Where is !he !able? 
15 Where is lhe bed? 
16 Where is the knile? 
17 Where is the horse (gee-gee)? 
18 Where is lhe dog (doggie)? 
19 Where is !he baby? 
20 Where is .I he man (lalher, Daddy)? 
21 Where is the lady (molher. Mummy)? 
22 Pull he doll on lhe chair 
23 Pul the spoon in lhe cup 
24 Pulthe knile on the pia le 
25 Pulthe brick in !he box 
26 Which one do we sleep in? . 
27 Which one do we write wilh (draw wilh)? 
28 Which one do we cui wilh? 
29 Which one do we cook with? 
30 Which one do we sweep !he lloor wilh? 
31 Which one·barks? 
32 Which on" cooks !he dinner? 
·33 Which one is sitting down? 
34 Which one shoots lhe rabbi!? 
35 Which one is carrying somelhing? 
Total Score 
(Max.35) 
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COMMENTS 
SCORE 
8 
9 
10 
3 
Verbal Comprehension Scale A 
36 Find a yellow pencil 
37 Show me the smallest button 
38 Give me the longest red pencil 
39 Put a lithe _white buttons in the cup 
40 Put the black button underneath the cup 
41 Putt he three shor1 pencils in the box 
42 Which button is not in the cup' 
43 Take two buttons out of the cup 
44 Which pencils have been put away? 
45 Which red pencil has not been put away? 
46 Which horse is eating the grass? 
47 Put one of the pigs behind the man 
48 Put one of the small pigs 
beside the black pig 
'49 Pick up the biggest white pig and 
show me his eyes 
50 Put the farmer and one of the 
pigs in the field 
51 Put all the pigs behind the brown horse 
52 Put two of the horses together 
'53 Put all the white pigs round.the 
outside of the field· 
54 Put all the other animals and the 
farmer into the field 
55 Which pig is not outside the field? 
56 Put one small pig beside the farmer 
57 Which small pig has not been put in the field? 
58 Which pigs are fur1hest away from the farmer? 
59 Put all the animals except the black pig into the box 
COMMENTS 
Four dolls. 'Here Is Bobby, here Is Mary, here Is mother and here Is the baby.' 
60 Bobby pushes the baby over. Who is naughty' 
61 Who does mother pick up and comlon? 
62 Mary and Bobby go to school. Who stays with mother? 
63 Who goes to the shops while Mary and Bobby are at school' 
64 Who goes to school with Bobby? 
65 Who is younger than the school children? 
66 Who used to go to school but doesn't now? 
67 Who will go to school later but doesn't yet? 
Total Score 
(Max. 67) 
• 'Pink pig' may be subslilu1ed tor 'while pig' in either of the above direcJions if this seems more appropriate to the e .. aminer. 
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APPENDIX B. 
Identification Test Materials (Plate A, and Plates 8 & 2 adapted as desCribed in the 
Method, 6.2, from the Peabody Picture Vocabulary Test; Dunn & Dunn, 1981) 
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APPENDIX C. 
Childhood Autism Rating Scale (CARS; Schopler, Reichler & Renner, 1988) 
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· CARS Rating Sheet · 
Directions: For each categmy, use the space provided 
below each scale for taking notes concerning the behaviors 
relevant to each scale. Alter you have Hnished observing 
the child, rate the behaviors relevant to each item of the 
scale. For each item, circle the number which corresponds 
I. RELATING TO PEOPLE 
No evidence of difficulty or abnonnalhy In reladng to people • The child's 
behav1or ts appropriatl.' for hts or her age. Some shyness, fussmess, or annoyance at 
being wld what to do may be observed, but not to an atypical degree. 
Mildly abnormal relationships • The child may avoid lookin& lhe adult m lhe eye, 
avoid lhe adult or ~come fussy if interaction is /ol'(ed, be exces:ilvdy shy, not be <b 
re~ponsi'Y~' to the <!dull a.s LS typical, or dmg to parents somewhat more than most 
children ollhe same age. 
Moderately abnormal relationships • The child shows aloofness (seems unaware 
of adult) at limes. l'ersistcnt and forceful anempLS are nC'Ce!>Sary to gl'l U"1e child's atten· 
Lion at umes. i\1mtmal contact Is initialed by the child. 
Severely abnormal relationships • The child 15 conSLStenlly aloof or unaware of 
wtm ltll' Jllu\1 is domg. 1-1~: 01 ~hl' almo~l lhOVd r~sponds or imliJh.'~ (OIJIJ.:I wilh ~ 
adult. Only thl' mo:.l pcr.J~I~Ill all~mpl::i to g~l Lh~· chtld's au~·nllon h..1v~· Jny l'lk..: 
Observations: 
Appropriate Imitation • The ch~d can im 
whiCh are appropnau: !or his or her 5ktl! level. 
MJidly abnonnallmltation • The cluld imiLates simple bch.aviors such as clapping or 
singte verbal ~unds most of 1!\e time; occasionally, imiLates only after proddtng or 
ahcr a delay. 
Moderately abnormal imitation • rhe ctnld tmll<ltcs only pan of the urne and 
rcqutrc~ a great dr:JJ ol pcr..t~tcnce and ht:lp from Ill~: adult; lrcqut-mly tmtLJtt:~ only 
alter a delay. 
Severely abnonnallmitation • The child ran:ly or never imuates :..ounds, words, or 
movemenl::i even wilh proddtng and as.!iistilnce from the adult. 
Observations: 
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to the statement that best describes the child. You may 
indicate the child is between two descriptions by using rat· 
ings of 1.5, 2.5, or 3.5. Abbreviated rating criteria are pre· 
sented for each scale. See chapter 2 of the Manual for 
detailed rating criteria. 
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Ill. EMOTIONAL RESPONSE 
Age-appropriate and situation-appropri.ale emotional responses • \'hi.' chth.l 
shows the appropnate lypi." and dl•gree of emouoniil response as lndicate<l by a changt-
in facial expre~1on, postu d manner. 
verely abnormal emotional responses • Responses are seldom appropnat.: to 
' ~iiUJ.tiOII; OIK~· th.: lili[tJ hl.'l~ 11\ J ..:~·nJJn tllOod, 11 I~ \WI' lillll.:ul!tU 0:1\Jilt'.V lh•' 
mu , Cum·l'~!y, llll' dnlJ mJ.y ~how v.1!Jly dilkrl.'lll .·mouvris \\'h.:n nvUmlt hJ) 
1ged. 
IV. BODYUSE 
Age appropriate body use • The chlld movl'~ wnn the ~mi' ColS(·, ag~hty, c.nd 
coordmalron of a normal chl.ld oj Uu.· same age. 
Mildly abnormal body use • Some minor pccuharillt'5 may be prescm, ~uch ~ 
clumsine~. rtpelluve moveml!nl::i, poor coordlnauon, or ttre r.m: appt:arance of mon: 
unu~ulil movcrni'nl::i, 
Moderately abnormal body use • Bchd\'rors lhJl ar~ clearly strange or unusua1101 
a Chtld of thiS age may mcludc stran~c finger movcment.s, pccuhar finger or body pos 
turing, stanng or pict.mg at tlrt' boUy, scU directed awc~ion, rocking, sptnnll\g, iin~e 
Y.igg.l;ng, or toe walkmg. 
Severely abnormal body use • lmcnse or ln:quent movements of the rype listed 
above are signs of sev.:r.:ly abnormal body use. The~ bcha\10r.:. may persist desptle 
auemp!::i to di~ourage lhem or involve the chlld in oll1er acuvaies. 
Observations: 
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V. OBJECT USE 
Appropriate use or, and interest In, toys and other objects • The chtld shows 
normal mterest m toys and oth~r obii'ClS appropnate for his or her skllllevel and uses 
these !0¥5 m an appropnate manner. 
M!ldly inappropriate lmereSI In, or use of, 1oys and oUler objects • The child 
m.:~y show ;uyp.cal tmtu.-st m a toy or play wtlh itln an inappropri<>tely chdd~h way 
(e.g., banging or sucKing on the toy(. 
Moderalely Inappropriate imerenln, or use or, toys and olher objects • The 
chJ!d may show Ullle imerest in lOVS or other objects, or may be preoccupied .,.,,lh 
usmg an obte<t or toy in some suange way. He or she may locus on some mSJgnlficant 
p.m of J toy, be(ome lasanated with light reflectin2, of! the ob)eCt, repeuu..-eiJ' mo-.-e 
:.ome pan of !he obtetl, or p!ay witl'l one Object exclusively. 
Severely inapproprlaa.e interest in, or use of, toys or other objeas • The child 
may engage in the same behaviors as above, with greater trequency and mtensiry. The 
ctuld is dLfkult to distr.lct when engaged m the~ uuppropnau~ acuvitie:s. 
Observations: 
VI. ADAPTATION TO CHANGE 
Age approprlale response to change • While the child may notice or comment on 
changes in roullne, he or she accepts these changes wilhou1 undue dime~ 
Mildly abnormal adaptation to change • When an adult uies to change taS 
chtld may conllnue Ou.~ same activtty or uw the same materials. 
Moderately abnonnal adaptallon 10 Change • The child active rest~ts c 
routine, tnes to continue the old activny, and i5 difficult to distracl H~ r she 
become an m and unhJppy when an established rouu ~ tered. 
Observations: 
VII. VISUAl RESPONSE 
Age appropriate visual retponse • The child"s visual beha;"ior IS normal and appro-
pnatr for that age. Vision IS used 1ogether wtth olher senses as a v.:ay 10 explore a new 
object. 
Mildly abnormal visual ~spon:oe • !"h~ rhtld must be occasJOnally rt'mindt."d to 
look :n otoiecLS. The ctuld may be more int~:-res~t~d m lookmg at mirrors or hg.hling 
lhln ~e~. may oc:C'~ona!ly stare oft 11110 space, or may also avoid looking people in 
\hE' E'\'C. 
Moderately abnonnal visual response • The ch1ld must be remindE'd frequently 
to look. at wh.ll he or ~t' ~ dulng. He or she may stare into space, avoid looking peo-
ple in lite ere. look at objects from an unusuill angle, or hold Objects very close to !he 
eyes. 
Severely ilbnonnal visual response • The child consislently avoids looking at peo-
ple or certain ob1ects and may show extreme Jorms oJ other visuill pecullanties de-
scribed above. 
Observations: 
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VIII. USTENING RESPONSE 
Age appropriate listening response • The child's ltstemng Deh4vtor is normal and 
appropnate for age. Ustenmg as used tOF,tther with other S£!nse5. 
Mildly abnormal listening response • There m~y bt ~me lack of response, or 
mtld ovem·actlon w cerum sound~. Rtsporc.es to sound~ may bt" dela)'t-Cl, and SGuno~ 
may need repeuuon to catch \hi? chlld's attention, The ctt:Ja may~ Cl~Sotra::ted by 
extraneous sounas. 
Moderalely abnonnallistenlng response • The ctuld's rtspons.es to ~unas \·ary; 
often ig/IOres 4 ~und lht! fil'!.l lew umes it is made; may be ~ed or co·•cr e;m 
when hearing some evcrjJii" sour.ds. 
Severely abnormal listening re-sponse • The child overreac15 and/or underre~ts 
to sound.s 10 an extremely marked degree, regardless ollhe t)'Pt" of sound. 
Observations: 
, AND TOUCH RESPONSE 
AND USE 
d r ponse to, tasle, mtell, and touch • The child explores 
a XIS tn an a Jppropnatc manner, generally by leelmg and loolung. Tas~:e or 
when appropriate. \\'hen reacting to minor, everyday p.11n, the 
dtscomJon out does nm overreact. 
lldly abnormal use of, and n:sponse to, taste, smell, and touch • The child 
r: y ~rsist in putting objcc!S in his or her mouth; mJy smell or ta:>te in~aible Obit:~ IS; 
may ignore or overrca..:1 to mtld pJ.jn lhal J normal child would I!Kprcs:; as discomfort. 
Modenuely abnonnal use or, and response to, raste, smell, and touch • Th~: 
ch!ld may be moderar.ely preoccupied with tou..:hing, smdhng, or Wlir:g obJ~'Cts or 
people. The chtld may either react too much or too lm.Je. 
Severely abnormal use or, and response 10, tasle, smell, and touch • Thl' ct-u\d 
is preoccupied with smelling. l35Ung, or feeling. objcct5 more for the sensation lhan fo 
normal exploration or u~ of the objects. The Chl!d may completely ignore pain or 
react very snongly to slight discomfon. 
Observations: 
X. FEAR OR NERVOUSNESS 
Nonnal fear or nervousness • The chUd" s b.!ha'Jior lS appropriate botl'l to the situi 
tion and to h1s or h~r age. 
Mldly abnormal fear or nervousneu • The ci\Jld ucc.Wonally !lohow:i too much 01 
too little l!!ar or riervousness comparro to the reJCuon of a normal child ol the same 
age In a ~mtlar situation. 
Moderalely abnonnal (ear or nervousnes:; • The child shu~ eilher qu1te a 
bit mort' ur quile a bit ll'!.:> rear lhan LS typiCal even for ~ younger cft!ld in a !ilmilar 
siluation. 
Serven:ly atmormaJ (ear or nervousness • Fears persist even after repeated ex· 
~rience with harmless events or ob!ccts. lt is extremely diflicult 10 calm or comfon 
the chlld. The child may, conversely, fall to Show appropriate reg;ud lor hazards whlcJ 
other children oJ the !><!.me age avoid. 
Observations: 
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XI. VERBAL COMMUNICATION 
Norma.l verbal communication, age and slruation appropriate. 
Mildly abnormal verbal communJcadon • Speech shows O\'Cra!J rewdatlon. Most 
spce<:h is meaninWuJ; however, some echolalia or pronoun reversal may occur. Some 
peculiar words or jargon may be used occ.llionally. 
Moderately abnormal verbal communlcadon • Speech may be absent. When 
present, vert>al communication may be a mixture of some meaningful speech and 
some peculiar speech such as iargon, echolalia, or pronoun reversal. l'eculianlies In 
meanlngtul speech indudt exceS.SLVC queslionmg or preoccupation Wllh partkular 
tOpiCS. 
~verely abnormal verbal communicadon • Meaningtul speech 15 not used. 
The child may make infantile !>QUea.ts, we1ra or animal·like sounds, complex noises 
approximating speedl, or may show pe~ent, bizarre use of some ri'Cogntzable 
words or phrases. 
Observations: 
XII. NONVERBAL COMMUNICATION 
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XIII. ACTfVITY LEVEL 
Normal actlvhy level for age and clrcum.uances • The child ts neith~r mor€.' 
acuve nor less acuve than a normal child of the same age tn a similar ~tuatlor.. 
Mildly abnormal actlvtry level • The duld may etther be m~dly re:)l]e~ or some 
what "'lazy" and 5J.ow mo\ing at times. The child's a.:limy l~el interlere~ only s~g.f).<J: 
v..ith h15 or her performance. 
Moderately abnormal activtry level • The chtld may bt: qutte acuve and dtlficu\l t 
restrain. He or she may have boundless energy and may not go to sleep r;.oadtly at 
nigh!. Conven.ely, the Chtld ma·; be quite leUmgic. and n€.'ed a great de.ll of proddm~ 
to get htm or ht'r 10 mO\'C about. 
Severely al:morm.1l activiry level • Th€.' chtld exhltlll5 exuemes of aclll't(i' or ma~ 
u;1ty and may ~·\·en sht.i from onc extreme to lhe olhrr. 
Observations: 
"'"''-"v1::.1.AND CONSISTENCY 
INTELLECTUAL RESPONSE 
1 Normal use of nonverbal communJcadon, age and situation appropriate. rmal ilnd reasonably consistem across 'tr.Uious areas • Tnc 
ent as ()'pieal Chtldrcn of lhe same age and does not ha\'e anr unus<: 
or problt.>ms. 
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Mildly abnormal use of nonv.:rbal communlcallon • lnHmtuTl' u~~- <JI nunv~·r 
b.ll ..:ommunk'Jlion: may only point vaguely, or reach for what h<! or sh<! want:., in 
s.nuiluons where s.a.m<' age child may pomt or gesture more spcctflcally to mdtcate 
lldly abnormal lntelllo"ctu.tl functioning • Th~· .-tuli.liS not ;J.s ~nun J.:> t\'pi..:Jl 
••lllrcn ul thl' ~ •• un~· Jgl;'; ~lo..ill~ JP~->c.l.r !J.Jrly cv<!lll)" rcwrJo.:d J.-ru~ .Ut Jr..:~. 
he or sht' wams. 
Moderately abnormal use of nonverbal communication • The ch\111 is 
unable to express needs or destres nonverb.1lly, and cannot underst~d tt 
Moderately abnormallnlellectuat funcr:lonlng • In gcnen.l, the child 15 nor ;J.s 
sman as typical chlldrf.'n of tht' !>:l.me age: how~ver, the Child may tuncuon nf.'ar!y 
normally in one or more Lntelle~ru.ll areas. 
communicauon of olhers. 
Observations: 
Severely abnormal intellectual functioning • Wh!.le lhe chdd gt:r.t:rally 1.5 not ;u 
srnm il5 the typteill ctuld of ht~ ~gc, he or sl'it may tur.cuon ev..:n km:r tniin tht: nor 
mal child of the ~mt: age in on~ or more arca5. 
Observations: 
XV. GENERAL IMPRESSIONS 
J No autima • Tht' ctukl sho~ none of the sympmms charnterisuc of auusm. 
1.5 
2 
2.5 
3 
3.5 
Mild auti.1om • I he chtld shows only a few symptom~ or only a mtld de !!let: ol 
<lUU~m. 
Moderate aulism • The child Ylov.-s a number of symptoms or a modt'rato: aegree 
ol auusm. 
4 Severe autism • The child shows many symptorns or an extreme degree of autiSm. 
Observations: 
, ______________________ ,....._  _.__ _ 
-------·-· ---~-----··-· 
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APPENDIX D. 
Socialisation Scale (l~ems 6, 7 ,8,9, 11, 13, & 14 from the Socialization Domain of the 
Vineland.Adaptive Behaviour Scales (Sparrow, Balla & Cicchetti, 1984) 
·' 
131 
ITEM 
SCORES 
2 
1 
0 
N 
OK 
Yes. usually 
Somet1mes or partially 
No. never 
No opportunity 
Don't l<now 
5 Expresses two or more recogn1zable emotions such as 
pleasure, sadness. fear. or distress 
Count items before basal as 2. 1tems after ced ing as 0 
40 
INTERPERSONAL RELATIONSHIPS 
PLAY & LEISURE TIME 
24 
QP. S fLI! 
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10 
Sum of 2s. 1 s. Os page 7 
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APPENDIX E. 
Descriptions of the Variables & Methods of Analysis 
l. Number of Trials to Habituation Criterion 
There was a floor effect due to many of the children reaching habituation criterion within 
the minimum six trials (see Figure 4), so the data were analysed using non-parametric 
statistics. 
2. Fixation Times and Recovery Scores 
Observations. Levels of Factors & Methods of Analysis: 
There were four classes of observations: Habituation Trials; Total fixation times, First trial 
block fixation times ('First trials'), Last trial block fixation times ('Last tria~s'): Novel 
Trials; Recov~ry scores (Novel minus Last trials fixation times; :Recovery'). There were 
two .levels of each of three primary factors: Group membership (autistic/developmentally 
delayed); Display ('Runner'/' Ball'); Order of display presentation (Runner First/Ball First); 
Trials (First/Last habituation trial pairs). 
The primary method of analysis was mixed design ANOV A with Group entered as a related 
participant pairs variable (i.e a 'repeated measure' for computational purposes), Display and 
Trials as a repeated measure variable and Order as the between participants variable. The 
unweighted means/regression approach (unique sums· of squares) was used .in SPSS/PC +, 
which assigns equal weight to all cells, so that main effects and interactions are independent, 
regardless of unequal.between-samples.sizes (as here for Order). In view of the unequal 
sample sizes by Order, differences between individual related means were tested with F tests 
controlling for order effects, rather than paired t-tests within which effects of Order would 
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not have been counterbalanced~ 
Thus, there were'l6 (4 x 4) variables for which normality needed to be considered, by one 
variable (Order) for which homogeneity of variance needed to be considered. 
Normality: 
I 
The following three variables had significant skewness or kurtosis (z ~ 1.96, p ~ .05, two 
tailed tests): 
I) Total fixation times during habituation by the·developmentally delayed children for the 
Runner display (Skewness = 1.92, z = 2.42, p < .05; Kurtosis = 4.28, z = 2.70, p < 
.01). 
. 2) Fixation times during the Last trial block by the autistic children for the Runner display 
(Skewness = 2.34, z = 2.94, p < .005; Kurtosis = 5.71, z = 3.60, p < .0001). 
3) Recovery of the developmentally delayed children for the Runner display (Skewness = 
1.82, z = 2.30, p = .021; Kurtosis = , z = 2.13, p = .027). ln all fqur cases, the . 
positive skewness was primarily due to one high 'outlier', the remaining values showing a 
central tendency. 
In all cases except that of 1), the outliers had the potential to bias the results against, rather 
than in favour of, the experimental hypotheses and none of the significant results reported 
· here were based solely on the total fixation times (1)). 
Homogeneity of Variance: 
The following two variables had significant heterogeneity of variance by Order (p ~ . 05): 
1) First trials fixation times by the deveiopmentally delayed children for the Ball (Biutlett-
·Box F(1,67) = 4.06, p = .048). 2) Recovery by the developmentally delayed chidren to 
' 
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the Runner (Bartlett-Box F(l,67) = 4.26, p = .043). 
Group and Identification as between variables: 
Group was also·used as a between participants. variable in multiple regression analysis and 
ANOVA. Additionally, ANOVA was used to examine differences between means by 
dichotomous Identification scores (which were unbalanced between related group pairs). 
These analyses were justified by the absence of significant correlations for any of the 
variables analysed between the autistic/developmentally delayed group pairs (.28 ~ r ~ -
.54, p > .20, two tailed tests). These ANOVA results were consistent with those 
calculated using Group as a related participants variable. Normality and homogeneity of 
variance concerning these variables are considered in the body of the Results. 
3. Vineland Socialisation Scores 
As reported, most of the developmentalty delayed children acheived a ceiling score on this 
scale. Group differences in scores were therefore analysed using non-parametric statistics. 
Associations with the observation variables were analysed using multiple regression/partial 
correlation, the consquences of violation of the parametric assumptions are considered. In 
contrast, the socialiation scores for the autistic children alone did not deviate significantly 
from normality (p > .05), no score being near to ceiling or at the floor value. 
4. RDLS Age Scores & Quotients, and Chronological Ages 
The RDLS age scores had significant (p -::; .05) skewness and kurtosis (Skewness = 1.83, 
z = 3.05, p < .002; Kurtosis = 4.11, z = 3.57, p < .001; two tailed tests). This was 
due to two children with high 'extreme' age scores; an autistic and a developmentally child 
. . 
who were matched in the related samples analysis. RDLS age scores were not involved in 
the calculations for the main conclusions of the study, but rather were used to control for 
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possible confounding variables. As·the aim was to use any significant results to qualify the 
main results if necessary (i.e avoid Type I errors), the use of parametric statistics was felt 
justified. 
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APPENDIX F 
Summary table of Analysis of Variance to test for differences in 
Total fixation duration during habituation.between Order of 
display presentation. Groups Cautisti~/developmentally delayed) 
and Displays (Runner/Ball) 
Tests of Significance using UNIQUE sums of squares 
Tests of Between-Subjects Effects. 
Source of Variation 
WITHIN CELLS 
CONSTANT 
ORDER 
ss 
' 66977.21 
612883.39 
5355.06 
DF MS 
5 13395.44 
1 612883.39 
1 5355.06 
Tests involving 'GROUP' Within-Subject Effect. 
Source of Variation 
WITHIN CELLS 
GROUP 
· ORDER BY GROUP 
ss 
124016.73 
7865.78 
409.34 
DF MS 
5 24803.35 
1 7865.78 
1 409.34 
Tests involving 'DISPLAY' Within-Subject Effect. 
source of Variation 
WITHIN CELLS 
DISPLAY 
ORDER BY DISPLAY 
ss 
2303.15 
32.07 
9726.61 
DF MS 
5 460.63 
1 32.07 
1 9726.61 
F Siq of F 
45.75 .001 
.40 .555 
F Siq of F 
.32 .598 
.02 .903 
F Siq of F 
.07. .802 
2U2 .006 
Tests involving 'GROUP BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Siq of F 
WITHIN CELLS 12362.73 5 2472.55 
GROUP BY DISPLAY 8968.09 1 8968.09 3.63 .115 
ORDER BY GROUP BY 3853.49 1 3853.49 1.56 .267 
DISPLAY 
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APPENDIX G 
Summary table of Analysis of Variance to test for differences in 
fixation duration during habituatio~ Trial Blocks between Order of 
display presentation. Groups Cautistic/developmentally delayed). 
Trials (First and Last Trials Blocks) and Displays(Runner/Balll 
Tests of Significance using UNIQUE sums of squares 
Tests of Between-Subjects Effects. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 9777.00 5 1955.40 
CONSTANT 79685.61 1 79685.61 40.75 .001 
ORDER 828.55 1 828.55 .42 .544 
Tests involving 'TRIALS' Within~Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 2667.37 5 533.47 
TRIAL& 22651.57 1 22651.57 42.46 .001 
ORDER BY TRIALS 895.17 1 895.17 1.68 .252 
Tests involving 'GRQUP' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 10403.14 5 2080.63 
GROUP 1342.27 1 1342.27 .65 .458 
ORDER BY GROUP 442.94 1 442.94 .21 .664 
Tests involving 'DISPLAY' Within,Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 3457.94 5 691.59 
DISPLAY 11.63 1 11.63 .02 .902 
ORDER BY DISPLAY 1891.08 1 1891.08 2.73 .159 
Tests involving 'TRIALS BY GROUP' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 4177.20 5 835.44 
TRIALS BY GROUP 416.87 1 416.87 .50 .511 
ORDER BY TRIALS BY 41.12 1 41.12 .05 .833 
GROUP 
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Tests involving 'TRIALS BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 1113.10 5 222.62 
TRIALS BY DISPLAY 64.85 1 64.85 .29 .613 
ORDER BY TRIALS BY 727.25 1 727.25 3.27 .131 
DISPLAY 
Tests involving 'GROUP BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS . 1496.58 5 299.32 
GROUP BY DISPLAY 2208:13 1 2208.13 7.38 .042 
ORDER BY GROUP BY 94.67 1 94.67 .32 .598 
DISPLAY 
Tests involving 'TRIALS BY GROUP BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 515.37 5 103.07 
TRIALS BY GROUP BY 566.87 1 566.87 5.50 .066 
DISPLAY 
ORDER BY TRIALS BY 622.24 1 622.24 6.04 .057 
GROUP BY DISPLAY 
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APPENDIX H 
Summary table of Analysis of,variance to test for differences in 
- . 
duration of fixation during novel trials between Order of display 
presentation. Groups Cautistic/developmentaily delayed). Trials 
(first and second novel trials) and Displays (Runner/Ball) 
Tests of Significance using UNIQUE sums of squares -
Tests of Between-Subjects Effects. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 2443.20 5 488.64 
CONSTANT 39079.19 1 39079.19 79.98 .000 
ORDER 896.81 1 896.81 1.84 .233 
Tests involving 'GROUP' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 15651.58 5 3130.32 
GROUP 517.04 1 517.04 .17 .701 
ORDER BY GROUP 800.65 1 800.65 .26 .635 
Tests involving 'TRIAL' Within-Subject Effect. 
Source of Variation ss. DF MS F Sig of F 
WITHIN CELLS 2261.28 5 452.26 
TRIAL 1603.43 1 1603.43 3.55 .118 
ORDER BY TRIAL 185.19 1 185.19 .41 .550 
Tests involving 'DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 1001.47 5 200.29 
DISPLAY 435.23 1 435.23 2.17 .200 
ORDER BY DISPLAY 333.87 1 333.87 1.67 .253 
Tests involving 'GROUP BY TRIAL' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 2554.91 5 510.98 
GROUP BY TRIAL 8.44 1 8.44 .02 .903 
ORDER BY GROUP BY 1676.48 1 1676.48 3.28 .130 
TRIAL 
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Tests involving 'GROUP BY DISPLAY' Within-Subject Effect. 
Source of Variation 
WITHIN CELLS 
GROUP BY DISPLAY 
ORDER BY GROUP BY 
DISPLAY 
ss 
692.94 
.12 
276.78 
DF 
5 
1 
1 
MS 
138.59 
.12 
276.78 
F Sig of F 
.00 . 978 
2.00 .217 
Tests involving 'TRIAL. BY DISPLAY' Within-Subject Effect. 
Source of Variation 
WITHIN CELLS 
TRIAL BY DISPLAY 
ORDER BY TRIAL BY 
DISPLAY 
ss 
2104.80 
287.09 
97.93 
DF 
5 
1 
1 
MS 
420.96 
287.09 
97.93 
F Sig of F 
.68 .447 
.23 .650 
Tests involving 'GROUP BY TRIAL BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 2003.53 5 400.71 
GROUP BY TRIAL BY 1432.29 1 1432.29 3.57 .117 
DISPLAY 
ORDER BY GROUP BY 245.55 1 245.55 .61 .469 
TRIAL BY' DISPLAY 
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APPENDIX I 
Summary table of Analysis of Variance to test for differences in 
·recovery scores between Order of display presentation, 
Groups Cautistic/developmentally delayed) and Displays 
(Runner/Ball) 
Tests of Significance using UNIQUE sums of squares 
Tests of Between-Subjects Effects. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 4349.77 5 869.95 
CONSTANT 34757.40 1' 34757.40 39.95 .001 
ORDER 1722.22 1 1722.22 1.98 .218 
Tests involving 'GROUP' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 19671.59 5 3934.32 
GROUP 1898.96 1 1898.96 - .48 .518 
ORDER BY GROUP 883.16 1 883.16 • 22 .656 . 
Tests involving 'DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 1973.54 5 394.71 
DISPLAY 455.75 1 455.75 1.15 .332 
ORDER BY DISPLAY 1411.55 1 1411.55 3.58 .117 
Tests involving 'GROUP BY DISPLAY' Within-Subject Effect. 
Source of Variation ss DF MS F Sig of F 
WITHIN CELLS 1694.62 5 338.92 
GROUP BY DISPLAY 251.61 1 251.61 .74 .428 
ORDER BY GROUP BY 161.80 1 161.80 • 48 .520 
DISPLAY 
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APPENDIX J 
Regression scatterplots of residual recovery scores against 
residual total fixation times during habituation. after 
partialling out Order of display presentation 
R 7 1 
e 
c 1 
0 35 
V 
e 
r 1 
y 
0 
( 
s 
) 
/ 1 
-35R 1 
1 
-45 45 135 
-90 0 90 180 
Total fixation, habituation (s) 
Correlation .97686 Sig. .0002 Slope(S.E.) .30656 (.03002) 
Autistic children, Runner display, N = 7 
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1 
V R 
e 
r 
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( 
s 
) R 
-22.5 
1 1 
-47.5 47.5 142.5 
-95 0 95 190 
Total fixation, habituation (s) 
correlation .48460 Sig .. 2704 Slope(S.E.) .09156(.07391) 
Autistic children, Ball display 
1 
R 
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c 45 
0 
V 
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y 0 
R 
s 
) 
-45 
1 
-25 25 75 125 
-50 0 50 100 
Total fixation, habituation ( s .) 
Correlation .21148 Sig. .6490 Slope(S.E.) .12996( . 26860) 
Developmentally delayed children, Runner display, N = 7 
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Correlation .74371 Sig. .0901 Slope(S.E.) 
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Developmentally delayed children, Runner display, excluding 
outlier Case 4; N = 6 
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s 1 1 
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Developmentally delayed children. Ball display. N = 7 
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APPENDIX K 
Consent Form sent to Parents 
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CONSENT FORM 
Dear Parent or Guardian, 
I am planning to carry out research to study how children with autistic behaviours 
understand the behaviours of other people. I am a psychologist in the NHS, currently in 
postgraduate training. The project has been given ethical approval by the Ethics Committee of 
Plymouth Health Authority. 
The children will take part individually. They will be asked to watch short videotapes 
of moving objects and simple human actions. They may also be asked some questions to 
assess their present word understanding. I will be measuring how long each child spends 
looking at each video. To help me with this, I would like to record the child using a discrete 
videocamera, while he or she watches the videotape. You may keep the videotape of your 
child. Otherwise I will rub out the tape after use. Each child will be asked if he or she wishes 
to watch the video and to answer the questions. If the child is unwilling, he or she will not 
take part. 
The information from each child will be anonymous, so that only I will know which 
information belongs with which child. No name of any child will be revealed to other persons. 
I do hope ths you will allow your son or daughter to take part. Please complete and 
return the slip below. If you have any questions, please contact me via the Clinical Teaching 
Unit, Department of Psychology, University ofPiymouth, 4/5 Rowe Street, Plymouth, Tel 
(0752) 233161. Ifyou leave a message, I will contact you. 
I thank you in anticipation of your help. 
Your sincerely, 
Martin Morris 
I am/am not willing for my son/daughter to take part in the study. (Please delete 
accordingly) 
I am/am not willing for my son/daughter to be videoed as part of the study. (Please 
delete accordingly) 
Signed Date 
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